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KARYOLOGY  AND   EVOLUTION  OF   THE   PLAINS 

POCKET  GOPHER,  GEOMYS  BURSARIUS 

By 

E.  Blake  Hart1 

Cytogenetic  studies  of  pocket  gophers  have  shown  these  fossorial 
rodents  to  be  interesting  subjects  for  research  on  speciation  and 
evolutionary  processes  ( Berry  and  Baker,  1972;  Patton,  1970;  Patton 
and  Dingman,  1970;  Thaeler,  1968;  Wentworth  and  Sutton,  1969). 
Their  solitary,  subterranean  habits,  limited  vagility  and  dependence 
upon  suitable  substrate  have  enforced  inbreeding,  in  contrast  with 
many  terrestrial,  surface  dwelling  mammals.  Most  gopher  studies 
have  dealt  with  Thomomys;  less  has  been  done  with  Geomys, 
particularly  the  plains  pocket  gopher  Geomys  bursarius.  Cross 
(1931)  reported  a  2n  of  84  for  this  species  in  Texas;  Matthey 
(I960)  observed  a  2n  of  70  or  72  in  Kansas;  Berry  (1969)  sampled 
G.  bursarius  in  Arkansas  (2n=74),  and  in  west  Texas  (2n=70, 
71,  72);  Baker,  et  al,  (1973)  also  reported  west  Texas  gopher 
chromosomes.  Finally,  Kim  (1972)  examined  specimens  from  12 

localities,  mostly  in  Texas  (2n=70-74;  FN=68-74)  (Selander,  et 
al,  1974). 

The  plains  pocket  gopher  possesses  the  most  extensive  geo- 
graphical distribution  of  any  geomyid  species,  ranging  from  Canada 

in  the  north  throughout  the  Great  Plains  states  (Fig.  1).  Within 
this  enormous  environmental  theatre,  pocket  gophers,  with  their 
propensity  for  rapid  chromosomal  change  and  subsequent  fixation 
(Patton  and  Dingman,  1970),  offer  investigators  a  unique  approach 

1  Department  of  Zoology,  University  of  Oklahoma,  Norman,  Oklahoma. 
Present  address:  Department  of  Zoology,  Weber  State  College,  Ogden,  Utah 

84408;  and  Associate  in  Mammalogy,  Museum  of  Natural  History,  The  Uni- 
versity of  Kansas,  Lawrence,  66045. 
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to  the  study  of  mammalian  speciation.  The  present  study  was 
initially  undertaken  to  serve  as  a  framework  upon  which  future 
investigations  of  more  concentrated  local  populations  samples 
could  be  structured.  An  additional  goal  was  to  extrapolate  broad 
evolutionary  trends  from  projected  chromosomal  rearrangement 
sequences  related  to  environmental  parameters. 

Populations  of  20  of  the  21  subspecies  ( McLaughlin,  1958;  Hall 
and  Kelson,  1959;  Jones,  1964;  Baker  and  Genoways,  1975)  were 

sampled.  Inasmuch  as  correlation  between  chromosomal  configura- 
tions and  snbspecific  groups  were  apparent  in  most  cases  (Hart, 

1971,  1975),  currently  recognized  subspecies  names  will  be  used 
for  convenience. 

Materials  and  Methods 

Live  Geomys  bursarius  from  Wisconsin  to  southern  Texas  were 
collected  from  1969  to  1971,  primarily  during  the  summers,  although 
additional  collections  were  made  during  other  seasons  of  the  years. 
In  1969,  animals  were  trapped  in  Macabee  traps;  later,  a  simple  and 
effective  live  trap  (Hart,  1973)  proved  as  successful  as  the  jawed 
traps  with  significantly  less  mortality. 

The  technique  for  chromosome  preparations  described  by  Patton 
(1967)  was  followed;  hypotonic  potassium  chloride  (A.  D.  Stock, 
persona]  communication)  was  found  to  yield  results  comparable  to 
or  better  than  those  utilizing  sodium  citrate.  Metaphase  plates  of 
multiple  cells  from  different  animals  were  examined  and  counted; 
at  least  four  to  ten  counts  were  made  from  each  specimen  and  148 
karyotypes  were  prepared.  The  term  acrocentric  is  considered 
synonymous  with  telocentric.  Fundamental  number  ( FN )  is  based 
on  autosomal  arms,  and  only  one  arm  is  counted  on  acrocentric 
chromosomes.  Table  1  indicates  chromosomal  forms,  localities  of 

collection  and  numbers  and  sex  ot  animals  sampled.  Localities  and 
corresponding  catalogue  numbers  of  voucher  specimens  are  listed 
below. 

RESULTS 

Kakyotyimc  I)i  s(  mrrioNS 

Diploid  number  remains  conservative  within  Geomys  bursarius, 
varying  only  From  between  70  to  74,  and  chromosomal  morphology 
varies  only  slightly  within  and  among  subspecies,  with  one  excep- 

tion C.  I>.  lutescens,  2n  7:2.  FN  70-98).  Pericentric  inversions 
appear  to  be  the  genetic  mechanism  most  responsible  lor  chromo- 

somal differentiation  in  the  plains  pocket  gopher.  Hobertsonian 
fusion  and   helerochi  omat  in  additions  niav   contribute,  especially   in 
southern  populations. 

Chromosomal  forms  ol  (.'.  bursarius  are  here  allocated  to  seven 
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Fig.  1. — Chromosomal  groups  of  the  plains  pocket  gopher  (Geomys  bur- 
sarius),  and  collecting  localities  for  this  study.  1 — major  group  (G.  b.  major, 
G.  b.  majusculus,  G.  b.  illinoiensis,  G.  b.  knoxjonesi;  open  triangles).  2. — 
bursarius  group  (G.  b.  bursarius,  G.  b.  missouriensis,  G.  b.  jugossicularis;  G.  b. 

wisconsinensis;  open  squares).  3 — industrius  group  (G.  b.  industrius;  closed 
triangles).  4 — lutescens  group  (G.  b.  lutescens;  open  circles).  5 — breviceps 
group  (G.  b.  breviceps,  G.  b.  brazensis,  G.  b.  dut chert,  G.  b.  ludemani,  G.  b. 

pratincola,  G.  b.  sagittalis,  G.  b.  terricolus;  closed  circles).  6 — attwatteri  group 
(G.  b.  attwateri,  G.  b.  ammophilus;  closed  squares).  7 — texensis  group  (G.  b. 
texensis,  G.  b.  llanensis;  inverted  open  triangle).  8 — G.  arcnarius.  9 — G. 
personatus.  10 — G.  tropicalis.  11 — G.  pinetis.  (modified  from  Hall  and  Kel- 

son, 1959). 

groups  based  primarily  on  differing  diploid  number  and  chromo- 
somal morphology.  In  the  north,  all  four  groups  have  2n= 70-72, 

but  with  different  morphology.  The  three  predominantly  southern 
forms  all  differ  from  each  other  and  from  specimens  representing 
northern  populations  with  2n=70,  71,  72  or  74. 
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Fig.  2. — Karyotype  of  a  male  Geomys  bursarius  illinoensis  from  neaj  Col- 
linsville,  St.  Clair  Co,  Illinois.  2N=72,  FN=70. 

Northern  Groups 

Group  1. — G.  J),  major,  G.  b.  knoxjonesi,  G.  b.  majusculus  and 
G.  /;.  illinoensis  usually  possess  a  completely  acrocentric  chromosome 
complement  (Table  1).  These  are  referred  to  as  representing  the 
major  karyotype  (Fig.  2).  Baker  et  al.  (1973)  described  four 
chromosomal  races  of  G.  b.  major  in  Texas,  Oklahoma,  and  New 

Mexico  (Table  1).  Their  2n=72,  FN=70  forms,  "Chromosomal 
Race"  D,  correspond  to  Oklahoma  members  of  my  major.  They 
also  described  "Chromosomal  Race"  C  of  G.  b.  major  based  on 
specimens  from  the  Llano  Estacado  of  Texas  and  New  Mexico 
(2n=72,  FN =72,  with  two  small  biarmed  autosomes).  I  also 
found  this  karyotype  in  a  specimen  from  Tolar,  Roosevelt  Co.,  New 

Mexico.  Chromosomal  races  A  and  B  (2n=70,  FN=68-70)  from 
west  Texas  and  the  Pecos  Valley  of  New  Mexico  were  subsequently 
described  (  baker  and  Genoways,  1975)  as  a  new  subspecies,  G.  b. 
knoxjonesi.  I  tentatively  retain  it  in  the  major  group,  although 
Baker  and  GenOways  (op.  eil.)  suggest  that  its  affinities  may  be 
with  the  southern  texensis  group  (see  below).    A  single  specimen 

'»l  (,'.  h.  major  I  mm   Ponea  City,  Oklahoma,  possessed  lour  biarmed 
autosomes,  and  a  metacentric  X  chromosome. 

Group  2. — The  bursarius  group  includes  G.  b.  bursarius,  G.  b. 

missouriensis,  ('..  I>.  ivisconsinensis,  and  ('..  I>.  jugossiculatis.  In  ad- 
dition to  88  acrocentric  autosomes,  two  small  biarmed  chromosomes 

•  in    usually  present   (  Fig.  3).    Four  animals  taken  in  Union  County, 
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New  Mexico,  all  had  2n=72,  FN=72.  These  appeared  identical  to 
the  bur  sarins  karyotype,  are  contiguous  with  G.  b.  jugossicularis 
populations  in  Liberal,  Kansas,  and  Felt,  Oklahoma,  and  represent 
a  range  extension  ( Best,  1973 ) . 

Group  3. — G.  b.  industrius  is  a  chromosomally  distinctive  taxon 
with  a  large  biarmed  X  chromosome;  all  autosomes  are  acrocentric. 

Group  4. — The  most  variable  chromosomally  of  all  the  sub- 
species is  G.  b.  lutescens.  Although  the  2n  appears  stable  at  72,  the 

FN  was  found  to  vary  from  70  to  98  (Fig.  4).  The  X  chromosome 
is  biarmed. 

Specimens  of  lutescens  from  Oakdale  and  Neligh,  Antelope  Co., 
Nebraska,  in  and  near  the  zone  of  potential  contact  with  majusculus, 
had  a  stable  2n=72,  but  many  appeared  to  be  polymorphic,  having 
varying  numbers  of  biarmed  chromosomes  in  several  cells  from  a 

single  animal.  Gophers  from  west  of  Tilden,  Antelope  Co.,  Ne- 
braska, near  this  same  zone,  have  been  identified  by  Jones  (1964) 

as  majusculus.  However,  the  karyotypes  of  several  animals  from 
this  area  differ  from  Kansas  G.  b.  majusculus,  having  2n=70, 
FNr=68,  with  all  autosomes  acrocentric,  and  a  metacentric  X 
chromosome  (Fig.  5).  Similarly,  a  specimen  from  near  Scotland, 
Bon  Homme  Co.,  South  Dakota,  120  km.  to  the  north,  a  locality  that 
Merriam  (1895)  included  within  the  range  of  G.  b.  bursarius,  has  a 
karyotype  with  a  large  metacentric  X  chromosome  and  only  68 

«* 

ft*  #%•  **  nn  «•  #a  *up  ** 

**/»  ft*    At*  **••  **   A*      "V* 

mm    **    m *    «  *  *  *  *•»  *  a   mm 

Fig.    3. — Karyotype    of    a    male    Geomys    bursarius    wisconsinensis   from 
Gotham,  Richland  Co.,  Wisconsin.  2N=72,  FN=72. 
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autosomes,  in  contrast  to  G.  h.  hursarins  from  eastern  Iowa  and 

Missouri,  hut  perhaps  identical  to  Tilden,  Nebraska,  populations; 
Further  sampling  is  necessary  to  confirm  this.  These  specimens 

may  represent  another  chromosomal  type,  with  2n=70  rather  than 
72  as  found  in  other  northern  populations. 

Another  chromosomally  distinct  individual  was  found  south  of 
Wakeeney,  Trego  Co.,  Kansas.    Gophers  from  this  area  have  been 

ii  ft!  *«•**•»« 

II    AM    «» 

•ft/\nnAA*nA  no  Aft  n||N  m 

A  A  a«    ««     n»   n  I*    ft*       ism        r>»     m» 

H 

Fig.   I. — Karyotype  of  a  male  Geomijs  bursarius  lutescens  from  near  Neligh, 
Antelope  Co.,  Nebraska.  2N=72,  FN =88. 

••  mm  *#   •  *  ••  •  •  #*  ##  *m 

+  *    •  •    •  *     mm  #•  mi*  m+  *       *>• 

Fie    5      K .i  i  \ .  a  \  j  »<    ..i  a  male  Geotnys  bursarius  mafusculus  from  Tilden, 
\i,t.  lope  Co    N(  bra-.k;i.  j\    to,  i'\    m. 
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considered  to  represent  G.  b.  lutescens  (Cockrum,  1952)  and  ap- 
pear identical  in  their  distinctive  external  morphology  to  typical 

lutescens;  however,  unlike  populations  of  lutescens  from  Nebraska, 
the  specimen  from  Trego  lacked  biarmed  autosomes  and  had  a  large 
acrocentric,  rather  than  biarmed,  X  chromosome.  Its  karyotype, 
thus,  is  similar  to  those  found  in  the  major  group.  Cockrum  (op. 
cit.)  reported  G.  b.  major  as  occurring  in  central  Kansas  less  than 
100  miles  from  where  the  Trego  County  specimen  was  taken,  and 

it  is  possible  that  the  major  chromosomal  group  extends  north- 
westward this  far.  R.  Timm  (pers.  comm.)  believes  that  these 

"southern  lutescens"  are  separable  on  several  bases  from  northern 
populations  of  lutescens. 

Southern  Groups 

Group  5. — The  breviceps  group  as  defined  herein  includes  the 
following  named  subspecies:  G.  b.  breviceps,  G.  b.  brazensis,  G.  b. 
dutcheri,  G.  b.  ludemani,  G.  b.  pratincola,  G.  b.  sagittalis,  and  G.  b. 
terricolus.  In  addition  to  a  large  metacentric  X,  the  only  biarmed 
chromosome,  all  have  a  2n  of  74  and  FN  of  72  (Fig.  6).  Prior  to 
1951,  breviceps  was  recognized  as  a  full  species  (Davis,  1940)  and 
included  the  additional  four  subspecies:  attwateri,  ammophilus, 
texensis,  and  llanensis.  However,  due  to  their  divergent  karyotypes, 

I  regard  these  latter  four  taxa  as  separate  and  possibly  reproduc- 
tively  distinct,  from  the  breviceps  group. 

Group  6. — Members  of  the  attwateri  group,  G.  b.  attwateri  and 
G.  b.  ammophilus,  reside  along  the  southern  Gulf  Coast  of  Texas 

and  extend  inland  to  southcentral  Texas,  occupying  the  southern- 

MM  **  Aft  AA  *A **  M  M 

an  ri  a  a  M  in  **  aa  •»*  »• 

•ft   a*  **    *»   mm    ft 

ft*     ••  «• 

Fig.   6. — Karyotype  of  a  male  Geomys  bursarius  dutcheri  from   Wrights- 
ville,  Pulaski  Co.,  Arkansas.  2N=74,  FN=72. 
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most  part  of  the  known  range  of  Geomys  bursarius.  They  have  70 
chromosomes,  with  an  FN  of  72  and  a  biarmed  X  chromosome 

(  Fig.  7).  They  an-  contiguously  allopatric  in  the  south  with  Geomys 
personatus,  from  which  Kennedy  (195S)  believed  them  to  be  re- 
productively  isolated. 

Group  7. — The  texensis  group,  G.  h.  texensis  and  G.  b.  llanensis, 
occurring  in  central  Texas,  appears  to  possess  a  2n  of  70-72,  and 

l'\  of  68-70,  though  only  a  few  specimens  were  examined;  all 
chromosomes  are  acrocentric.  This  group  may  have  been  derived 
from  major;  and  G.  J),  knoxjonesi,  in  that  group,  is  morphologically 
similar  (  Baker  and  Genoways,  1975). 

Within  subspecies,  intrapopulational  polymorphism  exists  in 
some  cases.  Among  two  local  populations  of  G.  b.  bursarius  and  G. 

/;.  major  that  I  examined,  approximately  10  percent  of  the  indi- 
viduals possessed  karyotypes  other  than  those  reported  here  (Hart, 

1971).  Detailed  and  concentrated  studies  within  local  populations 

are  needed  to  determine  the  extent  of  the  intrapopulation  poly- 
morphism. 

DISCUSSION 

Derivation  of  Chromosomal  Patterns 

The  contemporary  geographic  populations  of  Geomys  present, 
from  a  chromosomal  viewpoint,  an  interesting  enigma.  Those 
possessing  2n=:72  are  present  in  the  central  and  northern  parts  of 
the  Great  Plains,  whereas  those  with  2n=70,  71  or  72,  and  74  range 
farther  to  the  south. 

It       . 

A/*  ••  ̂ -"v  A'^  **  01%  4*   *A 

"»      ••      •*         **     4*#*     **     *•    A* 

** 

Pic    7.     Karyotype  "I   ■>   male  Geomys  bursarius  attwateri  from   Cuero, 
fexfl        '.    70   I  X  -72. 
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In  the  absence  of  contrary  evidence,  an  overall  tendency  toward 
progressive  reduction  in  diploid  numbers  will  be  considered  here  as 
operative  in  the  chromosomal  evolution  of  Geomijs  bursarius.  In- 

teresting phylogenetic  implications  may  be  inferred  from  chromo- 
somal rearrangements  within  the  genus  Geomys. 

The  premise  that  the  highest  diploid  number  is  ancestral  to 
extant  kinds  is  supported  by  the  fact  that  the  breviceps  group 
(2n=74,  FN=72,  biarmed  X)  presently  occupies  the  most  stable 
geographic  area  historically — the  Gulf  Coastal  Plains.  Two  addi- 

tional factors  appear  to  be  especially  significant  in  interpreting 
chromosomal  evolution  of  plains  pocket  gophers:  integrity  and 
stability  of  the  biarmed  X  chromosome,  and  the  present  distribution 

of  chromosomal  forms.  The  ancestral  group,  most  closely  repre- 
sented by  living  breviceps,  probably  acquired  a  biarmed  X  chromo- 

some as  a  result  of  original  rearrangement  from  a  hypothetical  an- 
cestor (2nr=74,  FN=72,  acrocentric  X ) . 

The  karyotype  of  the  major  group  (2n=72,  FN=70)  is  thought 
to  have  been  formed  by  a  tandem  fusion  of  the  original  ancestral 
form.  Although  derivation  of  the  cy  to  type  of  major  is  also  possible 
by  way  of  a  pericentric  inversion  of  the  biarmed  X  of  industrius  or 
from  an  autosomal  pericentric  inversion  of  the  bursarius  type 
(2n=72,  FN =72),  I  favor  the  tandem  fusion  rearrangement  by 
reason  of  X  chromosome  stability  and  present  distribution.  G.  b. 
illinoensis,  presently  restricted  east  of  the  Mississippi  River,  is  an 

isolated  subspecies  that  is  karyotypically  identical  to  G.  b.  majus- 
culus  and  G.  b.  major,  and  may  represent  a  disjunction  from  the 
latter. 

G.  b.  majusculus  is  larger  in  body  size  than  major,  but  possesses 
a  similar,  completely  acrocentric  chromosomal  complement.  Its 
present  distribution  suggests  that  it  may  be  a  remnant  population 
derived  from  major-like  ancestors. 

The  bursarius  karyotype  (2n=72,  FN=72)  originated  in  one  of 
two  possible  ways,  each  requiring  only  one  rearrangement.  The 
bursarius  group  may  have  arisen  from  the  original  ancestral  form 
by  fusion  of  autosomes,  or  bursarius  may  have  been  derived  from 

major  via  an  autosomal  pericentric  inversion.  The  second  alter- 
native is  most  likely,  due  to  biarmed  X  stability  which  appears  to 

occur  regularly  throughout  the  species  and  because  of  present 
geographic  contiguity  between  taxa. 

Chromosomes  of  the  texensis  group  (2n=70-72,  FN =68-70,  no 
biarms)  indicate  probable  relationship  with  the  major  karyotype 
(2n=72,  FN=70,  usually  no  biarms).  Berry  (1969)  encountered 
this  typical  texensis  karyotype  in  populations  of  major  at  several 
localities  in  and  near  Lubbock,  Texas,  whereas  Baker  et  ah  ( 1973 ) , 
found  two  distinct  chromosomal  races  among  major  in  west  Texas 
and  two  more  in  contiguous  knoxjonesi. 
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The  initial  derivation  in  the  sequence  from  the  breviceps  karyo- 
type is  postulated  to  be  a  hypothetical  intermediate  stock  of  2n=72, 

FN=72  with  one  pair  of  biarmed  autosomes  produced  by  centric 
fusion  and  retention  of  the  biarmed  X  chromosome.  A  single  speci- 

men with  this  karyotype  was  secured  from  Norman,  Oklahoma, 
between  adjacent  populations  of  dutcheri  and  major;  the  identical 
karyotype  also  has  been  reported  in  G.  personatus  strcckeri  (Davis, 
et  ah,  1971).  The  Oklahoma  specimen  documents  the  existence  of 

a  potential  chromosomal  link  between  the  typical  breviceps  karyo- 
type (from  4  mi.  E.,  Norman,  Cleveland,  Co.,  Oklahoma)  and  the 

more  northerly  major  (Norman).  If  interbreeding  occurs,  intra- 
populational  polymorphisms  may  persist  within  the  population. 
Alternatively,  the  2n=72  form  may  be  prone  to  rise  in  geographically 
peripheral  populations  of  breviceps.  In  northern  bursarius  and 
majusculus  samples,  several  different  chromosomal  polymorphisms 
were  found  (see  above);  however,  in  no  other  part  of  breviceps 
range  were  any  encountered. 

From  the  intermediate  stock  described,  typical  karyotypes  of  the 

majusculus  and  attwatcri  types  can  be  derived  in  single  chromo- 
somal events  from  the  ancestral  form. 

The  formation  of  attwatcri  (2n=70,  FN=72,  metacentric  X) 
can  be  assumed  to  have  resulted  from  an  autosomal  centric  fusion 

in  the  intermediate  form;  this  event  probably  occurred  as  early  as 
Formation  of  the  major  karyotype,  and  it  is  possible  that  attwateri 
already  has  attained  full  specific  status  because  its  2n=70  contrasts 
with  the  2n=74  of  contiguous  populations  of  breviceps  to  the  east 
fFig.  1).  This  suggests  that  gene  exchange  is  limited,  perhaps 
nonexistent  between  gophers  possessing  these  two  chromosomal 

Forms.  (',<-<>uujs  personatus  megapotomus  to  the  south  of  attwatcri 
(  Fig.  1  ).  possesses  a  grossly  similar  karyotype. 

There  arc  several  possible  sequences  of  chromosomal  change 

that  could  have  resulted  in  (.'.  h.  lutescens,  the  distinctively  variable 
subspecies  occurring  in  the  variable  environment  of  western  Ne- 
braska,  western  Kansas,  and  eastern  Colorado  (Fig.  1).  This  area  of 
mixed  and  short   grass  prairie  ma)    be  the  most  marginal,  xeric 

habitat  occupied  by  any  population  of  (,'.  bursarius.  The  most 
likel)  derivation  karyotypicall)  is  one  identical  to  extant  G.  per- 

sonatus. From  attwateri,  or  From  the  postulated  "intermediate" 
type.    The   latter  is  supported   l>>    the  present   northern   distribution 
cm 1 1 Lined  with  similarity  oi  skulls  |  Davis,  L940)  between  personatus 
and  lutescens;  moreover,  (>.  arenarius  has  a  chromosomal  system 

similar  to  lutescens.  berry  <  L969)  reported  the  2n  <>l  (.'.  arenarius 
1  I  \  as  LOO  or  L02;  whereas  Davis  et  al.  |  L971 )  reported  it  as 

2n  To  FN  102.  both  chromosomal  Forms  were  Found  to  possess  a 

biarmed  \  and  highly  variable  FN's,  and  arc  probably  more  closely 
related  chromosomally,  then  either  is  to  gophers  of  any  other  sub- 
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group.  An  intensive  study  has  been  underway  for  some  time  to 
determine  the  chromosomal  characteristics  of  individuals  along  the 

zone  of  potential  contact  between  G.  b.  lute  see  ns  and  other  sub- 
species (Hart,  upublished  data). 

Pleistocene  History 

Accurate  designation  of  the  time  when  these  postulated  chromo- 
somal arrangements  could  have  occurred  is  difficult  at  best.  Hib- 

bard  et  al.,  (1965)  suggested  that  probably  all  Recent  mammalian 
species  originated  during  the  Quaternary;  Blair  (1954)  argued  that 
most  speciation  in  grassland  taxa  likely  occurred  during  repeated 

north-south  migrations  of  the  Wisconsin  glacial  period.  Russell 
(1968)  summarized  the  fossil  history  of  Geomys  bursarius;  it  first 
appeared  in  the  Illinoian  of  Kansas  and  Oklahoma.  Specimens  of 
Geomys,  mostly  referrable  to  living  species,  are  common  from  the 
Sangamon  Interglacial  of  Kansas,  Nebraska,  and  Texas,  and  Geomys 
bursarius  is  recorded  from  the  Wisconsin  of  Kansas,  Texas,  Illinois, 
Wisconsin,  and  Nebraska.  Lundelius  (1967)  reported  G.  bursarius 

fossils  from  numerous  localities  in  Texas,  representing  late  Pleisto- 
cene assemblages. 

It  appears  from  the  present  distribution  of  karyotypic  forms, 

some  involving  disjunctions  of  hundreds  of  miles,  that  gophers  hav- 
ing a  variety  of  chromosome  types  have  successively  occupied  large 

areas  of  the  midwest,  only  to  be  displaced.  It  also  appears  that 

climatic  changes  accompanying  Pleistocene  and  post-Pleistocene 
events  decimated  large  portions  of  established  populations;  later, 

optimal  conditions  provided  ample  opportunity  for  invasion  of  op- 
portunistic, chromosomally  variable  populations  from  southern  and 

other  refugia,  with  invaders  encroaching  on  and  competing  with 
earlier  inhabitants.  Significantly,  the  Gulf  Plains  were  open 
throughout  the  Pleistocene  and  undoubtedly  acted  as  an  important 
dispersal  corridor  (Auffenberg  and  Milsted,  1965). 

Pocket  gophers  are  fossorial  and  are  consequently  limited  in 
their  dispersal  ability  by  soil  and  physiography.  Although  the 
Great  Plains  does  contain  a  variety  of  soil  types  and  physiographic 
features,  there  is  little  doubt  that  the  relative  paucity  of  significant 

barriers  has  resulted  in  fewer  readily  detectable  gopher  pheno- 
types  than  occurred  in  areas  such  as  the  Rockies,  where  physiogra- 

phy has  been  more  efficient  in  isolation  of  small  populations  of  the 
montane  pocket  gopher  (Thomomys),  with  subsequent  dramatic 
evolutionary  events  occurring  independently  of  near  neighbors 
(Durrant,  1952). 

In  Geomys,  the  spatial  isolation  required  for  intensive  inbreed- 
ing by  small  remnant  or  marginal  populations,  and  resulting  in 

irreversible  genetic  independence  (Lewis,  1966),  may  be  inferred 
from  the  recent  past  history  of  the  Great  Plains.   Physiography  has 
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had  some  influence  as  an  isolating  mechanism  in  the  Great  Plains 
Large  rivers,  natural  geological  formations  of  indurate  soils  and 

rocks)  but,  overall,  such  influence  appears  to  have  been  minimal. 
Instead  of  insurmountable  topographic  barriers,  I  suggest  that 
climatic  events  accompanying  glacial  advance  and  recession  were 
mainly  responsible  for  decimation,  often  termed  catastrophic,  of 
extensive  populations  occupying  originally  optimal  habitats. 

Chromosomal  Evolutiox 

Although  the  evidence  at  hand  does  not  warrant  unequivocal 
conclusions  regarding  the  dynamics  of  population  dispersal  of 
plains  pocket  gophers  and  formation  of  chromosomal  morphs,  the 

following  ideas,  based  upon  the  postulated  sequences  of  chromo- 
somal rearrangements  operating  within  glacial  and  postglacial 

climatic  changes,  are  presented. 

The  hypothetical  ancestral  breviceps-lihe  form  is  thought  to 
have  originally  given  rise,  during  the  middle  to  late  Pleistocene,  to 
major-like  gophers  which  radiated  northward  and  occupied  much, 
if  not  all,  of  the  midwest.  It  is  assumed  that  glacial  advance  or 
meltwater  rivers  bifurcated  populations  of  major,  thus  isolating 
illinoensis  in  the  east.  During  the  next  epoch  of  optimal  habitat 
availability,  major  persisted  in  western  parts  of  its  range,  but  was 
replaced  by  another  form  derived  from  major,  the  bursarius  karyo- 

type, in  the  east.  Ancestors  of  the  bursarius  group  became  isolated 
from  northern  peripheral  populations  of  the  major  group,  ultimately 
forming  and  spreading  the  bursarius  karyotype  into  northern 
partial!)  unoccupied)  localities,  even  approaching  glacial  margins. 

Peculiarities  of  their  biology  may  have  enabled  pocket  gophers  to 
survive  glacial  epochs  in  fairly  close  proximity  to  the  actual  glacial 
front  (Russell,  1968).  Perhaps  natural  selection  impinging  upon 
periglacial  major  populations  at  the  northern  periphery  resulted  in 
(lie  bursarius  karyotype.    Peripheral  populations  or  individuals  of 
bursarius  ;nc  assumed  to  have  crossed  (he  Mississippi  River  some- 

what later  and  today  retain  similar  chromosomal  phenotypes  (  (*.  b. 
wisCOnsinensis) ,  Perhaps  emigrants  from  the  latter  population 

crossed  die  Wisconsin  River  (lining  the  intrusion  ol  the  "prairie 
peninsula"   and    spread   east    ol    the    Mississippi.     Thus   independent 
parallel  chromosomal  events  may  account  lor  the  similarity  between 
illinoensis  and  major. 

('..  //.  lutesceni  populations,  derived  from  southern  breviceps  or 
related  forms,  extended  their  range  to  die  north,  via  Colorado  and 

in  Wyoming.  The  present  distribution  of  industrius  also  ap- 
pears ol  rather  recenl  rearrangement  via  an  extension  ol  northern 

boundaries  from  more  southed)  extant  breviceps-derived  an- 
cestors; Hoffmann  and  Jones  |  L970)  described  similar  northward 

migrations  ol    southern    mammals   during   or   following    the   late 
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Pleistocene.  Also,  it  is  conceivable  that  while  lutescens  expanded 
to  the  north,  it  also  gave  rise  to  G.  arenarius,  which  possesses  a 
uniquely  similar  chromosomal  makeup,  and  which  is  now  disjunct. 

Perhaps  the  non-Robertsonian  polymorphic  conditions  found  only 
in  G.  arenarius  and  G.  b.  lutescens  indicate  parallel  chromosomal 
responses  to  the  relative  severe  environments  in  which  both  taxa 
are  presently  found.  Neotoma  micropus,  likewise  inhabiting  xeric 
areas  of  northern  Mexico,  Texas,  and  New  Mexico  has  been  re- 

ported to  have  a  unique  system  of  polymorphisms  (Baker  and 
Mascarello,  1970). 

Approximately  at  the  time  of  the  initial  independence  of  bur- 
sarius  from  major  in  the  north,  attwateri  may  have  formed  from 
southern  peripheral  populations  of  breviceps.  Exact  systematic 
evolutionary  relationships  among  G.  b.  attwateri,  G.  b.  ammophilus, 
and  G.  personatus  are  presently  obscure.  However,  affiinities  among 

them  may  well  be  closer  than  that  of  the  attwateri  group  to  brevi- 
ceps, with  which  the  latter  is  currently  allied  taxonomically. 

So  few  samples  of  G.  b.  texensis  and  G.  b.  llanensis  were  ana- 
lyzed that  the  most  tentative  of  generalizations  concerning  origin 

can  be  proposed  here.  The  similarity  of  this  2n=70-72  karyotype 
to  those  reported  by  Berry  ( 1969)  and  Baker  and  Genoways  ( 1975) 
in  western  Texas  indicate  dendritic  expansion  along  river  systems. 
The  ancestral  stock  was  likely  similar  to  the  totally  acrocentric 
G.b.  major  (2n=72). 

Elsewhere  in  the  genus,  Geomys  pinetis  (2n=42,  FN=78 — Hart, 
1971;  see  also  Williams  and  Genoways,  1975)  and  Geomys  tropicalis 

(2n=38,  FN =74 — Davis  et  ah,  1971)  possess  significantly  lower 
diploid  numbers  (see  Fig.  1).  G.  pinetis  is  reported  to  have  been 
isolated  since  Sangamon  times  (Russell,  1968)  and  obviously  has 
undergone  periodic  geographic  restrictions,  to  which  fluctuating 

sea-levels  along  the  eastern  coasts  during  the  Pleistocene  probably 
contributed  substantially  (Auffenburg  and  Milstead,  1965). 

CONCLUSIONS 

When  considering  the  karyotypic  variation  represented  by  the 

chromosomal  groups  within  Geomys  bursarius,  as  well  as  the  intra- 
populational  variation  occasionally  encountered,  it  appears  that  a 
taxonomic  system  based  on  few  characters  is  unlikely  to  be  valid. 
In  the  present  study,  animals  were  found  that  varied  markedly  in 
terms  of  external  morphology,  even  though  possessing  similar 
chromosomes.  On  the  other  hand,  morphologically  similar  animals 
often  exhibited  great  karyotypic  differences,  even  though  some  were 
collected  only  a  few  miles  apart. 

Reduced  diploid  numbers  in  the  relatively  restricted  populations 
of  G.  b.  attwateri  and  G.  /;.  ammophilus  (2n=70)  suggests  that 
accumulation  of  two  pairs  of  biarmed  autosomes  may  represent  an 
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initial  Robertsonian  fusion  process  which,  if  continued  over  a 

period  of  time  will  lower  2n,  while  maintaining  FN.  Closely  re- 
lated, parapatric  Geomys  personatus  exhibits  diploid  numbers 

ranging  from  72  to  (IS  |  Davis  et  al.,  1971);  significantly,  the  forms 
possessing  diploid  numbers  lower  than  72  have  increased  numbers 
of  biarmed  autosomes.  On  the  other  hand,  in  populations  of  the 

breviceps  group,  one  may  account  for  the  persistence  of  the  higher 
diploid  number  (2n=74)  on  the  basis  of  the  extensive  distribution 
of  the  group  and  resultant  gene  How  throughout  most  of  this  area 

as  well  as  long-term  stability  of  the  southern  plains  environment. 
Davis  (1940)  contended  that  at  least  G.  b.  breviceps  in  Louisiana 

and  G.  I>.  terricolus  in  Texas  are  presently  isolated  due  to  unfavor- 
able.' soils.  The  eventual  fate  of  these  recently  isolated  populations 

may  well  follow  the  trend  toward  decreasing  diploid  number  as 
in  the  attwateri  group  and  ultimate])  in  G.  tropicalis  and  G.  pinetis. 

Systematic  implications  of  the  present  study  suggest  that  there 
are  several  chromosomal  types  within  Geomys  bursarius  and  that 

reproductive  compatibility  between  them  may  be  seriously  ques- 

tioned, most  notably  "Southern"  vs.  "Northern"  lutescens,  major, 
breviceps,  and  attwateri.  Extensive  work  is  in  order,  especially 

between  the  attwateri-ammophilus  group,  and  breviceps  to  the  east 
and  Geomys  personatus  to  the  south. 
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APPENDIX:   SPECIMENS  EXAMINED 

Voucher  specimens  are  deposited  in  the  Collection  of  Recent  Mammals  of 
tli'  Sto\all  Museum  of  Science  and  History  at  the  University  of  Oklahoma. 
Numbers  with  no  prefix  are  museum  catalogue  numbers;  specimens  with  a 
prefix  ..I  EBH  (E.  B.  Hart),  TLB  (T.  L.  Best)  and  ADS  (A.  D.  Stock)  are 

also  available  in  tin-  museum.  Numbers  with  an  asterisk  (°)  refer  to  speci- 
mens with  fewer  than  eight  (four  to  seven)  chromosomal  counts  per  animal 

due  to  suboptimal  preparations: 
Geomya  bursarius  ammophilus  2N=70.  TEXAS:  DcWitt  Co.:  1  mi.  SE 

Cuero    I       I  BH5710;  1  ?,TLB3799°. 
mtys  bui  -.111111 .  hi  in  Hi,  n  2V-70.  TEXAS:  Karnes  Co.:  8  mi.  NE 

Kenedy,2  I   J.TLB3806    M  B  1807;  I  9, TLB 3809. 
■  inn.  buraariut  brazensis  2.\  .71.  TEXAS:  Brazos  Co.:  0.5  mi.  W 

College  Station  I  I  BH567;  I  mi.  W  College  Station.  l«j,  19,  EB1I569, 
i  BH570. 

mus  bin, mm  breviceps  2N  74.  LOl  1SIANA:  Morehouse  Parish: 

1  mi.  W  \hi  Rouge,  I  ,,  7698;  2  mi.  NW  Mer  Rouge,  I  9  9,  7707,  7708, 
7710  7711. 

imys  bursarius  bursarius  2N    72.   IOWA:   Clayton  Co.:    1  mi.  E  Monona, 
Monona     1  L0082,  8   9  9,    10085°,    10086,    10087,   10088, 

l    10091.    Dubuqui    Co.:     I   mi.   NE   Bankston,   1    9,  7513;   4  mi.  NE 
5.  2N    To.  SOUTHDAKOTA:   Bon  Homme  Co.: 

i  mi  i   Si  itland   l  .    I  I'.u  307. 
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Geomys  bursarius  dutcheri  2X=74.  ARKANSAS:  Pulaski  Co.:  3  mi.  E 
Wrightsville,  4  &  $,  7696;  TLB3748;  EBH562,  EBH563,  2  ?  9,  7694, 
TLB3749.  LOUISIANA:  Grant  Parish:  1.6  mi.  N  Pollock  15,  3763. 
OKLAHOMA:  Cleveland  Co.:  near  Norman,  5  3  3  ■  EBH657,  EBH662, 
EBH663,  EBH664,  EBH665;  4  2  2.  EBH658,  EBH661,  EBH666,  EBH669. 
Pottawatomie  Co.:  1  mi.  W  Tecumseh,  1  2 ,  EBH635.  Seminole  Co.:  near 
Bowlegs,  1  2  ,  EBH206. 

Geomijs  bursarius  illinoensis  2N=72.  ILLINOIS:  DeWitt  Co.:  1  mi.  S 

Clinton,  1  $,  7552.  Madison  Co.:  4.5  mi.  S  Collinsville  (O'Fallon  Rd),  1  $, 
7724,  4  9$,  7723.  10065,  10066,  10067.  St.  Clair  Co.:  East  St.  Louis,  1  6, 
7718. 

Geomys  bursarius  industrius  2N=72.  KANSAS:  Edwards  Co.:  Kinsley, 

2  $  S,  7475c,  10116:  5  mi.  W  Kinsley,  1  2 ,  7474.  Ford  Co.:  4  mi.  S  Dodge 
City,  1  3  ,  7477,  1  2  ,  7479. 

Geomys  bursarius  jugossicularis  2N=72.  KANSAS:  Seward  Co.:  10.5  mi. 
S  Libera],  35  2,  7480,  7485,  7486.    NEW  MEXICO:    Union  Co.:  2.4  mi.  W, 
3.2  mi.  N  Amistad,  1  £  .  EBH  544;  13.5  mi.  S  Clavton,  1  £  ,  EBH541;  10.1  mi. 

S  Clayton,  1  5 ,  EBH545;  3  mi.  W,  1.6  mi.  N  Sedan,  1  2 ,  EBH542.  OKLA- 
HOMA:   Cimmaron  Co.:   Felt,  1  5 ,  EBH540. 

Geomys  bursarius  llanensis  2N=71.  TEXAS:  Llano  Co.:  6  mi.  E  Castell, 
1  £  ,  EBH575. 

Geomys  bursarius  ludemani  2N=74.  TEX\S:  Chamber  Co.:  7  mi.  S 
Anahuac,  1   £,  TLB3786,  4   2  2,  TLB377L  TLB3772,  TLB3775,  TLB3785. 

Geomys  bursarius  lutescens  2X=72.  KAXSAS:  Trego  Co.:  20  mi.  S 
Wakeeney,  1  2,  7473.  XEBRASKA:  Antelope  Co.:  4  mi.  S  Xeligh,  1  5, 

101003;  Boyd.  Co.:  4.5  mi  SE  Spencer,  1  £  ,  7531.  Dawes  Co.:  11  mi.  S  Chad- 
ron,  1   2 ,  7495;  20  mi  S  Chadron,  1   £  ,  7507;  2  mi.  SW  Chadron,  1    2 ,  7504. 

Geomys  bursarius  major  2X=72.  OKLAHOMA:  Cleveland  Co.:  3  mi.  N 
Lexington,  2  2  2,  9001,  EBH513;  Xorman,  10  £  £,  9005,  9006,  9008,  9331, 
EBH515,  EBH536,  EBH552,  EBH649,  EBH652,  EBH670;  19  2  2,  9002,  9003, 

9004,  9007,  9009,  9093,  10060,  10062,  EBH202,  EBH503,  EBH516,  EBH554*, 
EBH644.  EBH645,  EBH646,  EBH647,  EBH648,  EBH659,  EBH660.  Grant 
Co.:  1.4  mi.  W,  1  mi  X  Hawley,  1  £,  9115,  2  2  2,  9108,  9116.  Kay  Co.: 
Ponca  City,  1  £  ,  EBH512.  Stephens  Co.:  0.25  mi.  E  Claude,  1  £  ,  9096,  1  2 , 
9095;  0.25  mi  E  0.75  mi.  S  Claude,  2  2  2,  9097,  9320.  Tillman  Co.:  Tipton, 
1  i,  ADS130.  NEW  MEXICO:  Roosevelt  Co.:  9  mi.  S,  1  mi.  W  Tolar,  1  9, 
EBH543. 

Geomys  bursarius  majusculus  2X=70.    KANSAS:    Chase  Co.:    13  mi.  W, 
1.3  mi.  N  Emporia,  1  5,  EBH547;  Douglas  Co.:  3  mi.  N  Lawrence,  3  2  9, 

EBH6S3°,  EBH  682°,  EBH684*.  2N=72.  NEBRASKA:  Antelope  Co.:  1  mi. 
W  Tilden,  1  £  ,  EBH628. 

Geomys  bursarius  missouriensis  2X=72.  MISSOURI:  Franklin  Co.:  2.5 
mi.  E  Sullivan,  1  9  ,  7727. 

Geomys  bursarius  pratincola  2X=74.  LOUISIAXA:  Rapides  Parish:  2.3 

mi.  X,  8.8  mi.  W  Glenmora.  2  i  :  .  TLB3762,  TLB3767,  6  9  9,  EBH566, 
TLB3763,  TLB3764,  TLB3765,  TLB3768,  TLB3769. 

Geomys  bursarius  sagittalis  2X=74.    TEXAS:    Galveston  Co.:    Alta  Loma, 

1  6  ,  TLB37940,  2  9  9,  TLB3795,  TLB3796. 
Geomys  bursarius  terricolus  2X=74.  TEXAS:  Galveston  Co.:  1  mi.  N 

Texas  City,  2  6  &  ,  TLB3791,  TLB3793,  1  9  ,  TLB3792. 

Geomys  bursarius  texensis  2X=70-72.  TEXAS:  Mason  Co.:  Mason,  1  &, 

TLB3812;  2  5  2,  TLB38110,  TLB38130. 
Geomys  bursarius  wisconsinensis  2X  =  72.  WISCONSIN:  Richland  Co.: 

0.5  mi.  E  Gotham.  1    £  .  7541,  5   2  9,  7540,  7544,  7547,  7548,  7549;  Gotham, 
2  £  6  ,  10073,  EBH605,  2  9  9,  10072,  EBH601. 
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A  RE-ASSESSMENT  OF  THE  TELMATOBIINE 
LEPTODACTYLID  FROGS  OF  PATAGONIA 

By 

John  
D.  Lynch1 

As  presently  constituted,  the  leptodactylid  frog  genus  Telma- 
tobius  contains  some  30  species  distributed  on  the  Andean  Cordil- 

leras from  Ecuador  (0°  15'  N)  to  southern  Argentina  (ca.  43°  S). 
The  species  from  Bolivia,  Ecuador,  Peru  and  from  northern  Argen- 

tina and  Chile  are  Andean  frogs  whereas  those  from  southern 

Argentina  include  Andean  and  extra-andean  species.  Although 
known  for  only  the  past  decade,  the  generic  relationships  of  these 
southern  species  are  the  subject  of  considerable  uncertainty.  My 
characterization  of  the  genus  ( Lynch,  1971 )  was  incomplete  in  that 
only  three  species  were  available  for  study;  even  so,  considerable 
heterogeneity  was  evident.  The  unusual  species  of  that  limited 
sample  was  T.  patagonicus,  the  first  of  the  Patagonian  species 
described. 

Six  Patagonian  species  are  now  known  from  Neuquen  and  Rio 
Negro  Provinces,  Argentina,  and  a  seventh  was  recently  described 

from  southern  Chile  (ca  49°  S).  The  relationships  of  these  species 
with  other  telmatobiine  leptodactylids  are  obscure.  The  seven  spe- 

cies are  variously  assigned  to  three  genera.  Initially,  my  study  was 

to  be  one  of  the  seven  "extra-andean"  species  but  it  soon  became 
evident  that  their  relationships  were  not  so  close  to  the  Andean 
Telmatobius  (and  allied  genera)  as  might  be  surmised  from  perusal 
of  the  literature.  The  study  was  further  enlarged  by  the  fortuitous 
availability  of  several  rare  and/or  recently  described  Argentine  and 
Chilean  telmatobiines.  The  availability  of  these  frogs  prompted  a 

re-assessment  of  the  relationships  and  proposed  classification  of 
Abodes,  Eupsophus,  Insuetophrynus,  and  Telmatobufo,  as  well  as  a 

1  Associate  Professor  of  Zoology,  School  of  Life  Sciences,  The  University  of 
Nebraska,  Lincoln,  Neb.  68588;  and  Associate  in  Herpetology,  Museum  of 
Natural  History,  The  University  of  Kansas,  Lawrence  66045. 
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r -(.valuation  of  the  putative  tribes  Alsodini,  Batrachylini,  and 
Telmatobiini  of  the  leptodactylid  subfamily  Telmatobiinae. 

The  extra-andean  assemblage  of  Telmatobius  consists  of  seven 
species:  grandisonae  Lynch,  nitoi  Barrio,  patagonicus  (Gallardo); 
praebasahicus  Cei  and  Roig,  reverberii  Cei,  solitarius  Cei,  and 
somuncurensis  Cei.  This  assemblage  of  frogs  is  distributed  south 

of  39°  in  patagonian  South  America  (Fig.  1). 
In  an  attempt  to  re-evaluate  the  relationships  and  classification 

of  the  telmatobiine  leptodactylid  frogs  of  Patagonia,  I  have  first 

reviewed  the  morphology  and  taxonomy  of  the  seven  Patagonian 
Telmatobius.  Secondly,  I  have  expanded  our  knowledge  of  the 

osteology  of  the  several  Patagonian  genera  heretofore  poorly  known. 

Following  this  review,  I  present  an  analysis  of  the  taxonomic  char- 
acteristics used  for  the  lower  telmatobiines.  This  analysis  forms  the 

basis  for  an  analysis  of  the  relationships  of  the  various  genera.  In 

the  concluding  discussion  and  summary,  I  provide  a  biogeographic 

rationale  and  propose  a  classification  that  reflects  my  current  under- 
standing of  the  relationships  of  the  genera  of  this  leptodactylid  stem 

group. 

~^By 

-f 

3  / \     ( 

a? 
I  p.  i  i  \i  Distribution  (il  Atelognathusi  A.  grandisonae  (square), 

\.  nitoi  (triangle),  \  patagonicus  ( ~\\\  circles),  A,  praebasahicus  (open  circle), 
\.  reverberii  (hexagon),  and  \  \<>lit(iriu.\  (inverted  triangle).  (B)  Distribu- 

tion "I  Telmatobius  (sensu  stricto). 
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The  Patagonian  Telmatobius 

Gallardo  (1962,  1970)  placed  patagonicus  in  Batrachophnjnus, 
an  assignment  contested  by  Cei  ( 1970a ) ,  Cei  and  Roig  ( 1968 ) ,  and 
Lynch  ( 1971 ) .  The  other  six  species  were  described  as  Telmatobius 
species  (Barrio,  1973,  Cei,  1969a,  1970a,  Cei  and  Roig,  1968,  and 
Lynch,  1976),  but  Gallardo  (1970)  assigned  praebasalticus  and 
reverberii  to  Abodes.  Lynch  (1971,  1972)  questioned  the  propriety 
of  separating  Alsodes  and  Eupsophus  and  placed  praebasalticus  and 
reverberii  in  Telmatobius. 

Much  of  the  confusion  and  debate  surrounding  the  generic 
placement  of  these  species  stems  from  the  limited  morphological 
data.  In  an  attempt  to  resolve  the  issues  I  studied  examples  of  all 

seven  species.  The  following  descriptions  include  primarily  osteo- 
logical  data;  brief  synopses  of  soft  anatomies  are  appended.  Taxo- 
nomic  conclusions  are  deferred  to  a  section  following  the  account 
of  morphology.  Telmatobius  grandisonae  is  imperfectly  known; 
the  following  account  does  not  pertain  to  T.  grandisonae. 

Morphology 

Cranial  skeleton. — In  all  species  the  frontoparietals  are  paired 
and  of  limited  extent,  exposing  a  large  frontoparietal  fontanelle. 
The  fontanelle  is  least  extensive  in  nitoi  and  somuncurensis.  The 

frontoparietals  rest  on  the  posterior  edge  of  the  sphenethmoid  and 
do  not  contact  the  nasal  bones.  Posteriorly,  the  frontoparietals  meet 
in  nitoi  and  nearly  do  in  somuncurensis.  In  all  six  species  the 
frontoparietals  extend  laterally  and  posteriorly  onto  the  otoccipitals, 
but  in  none  of  the  species  are  the  frontoparietals  fused  with  the 
otoccipitals.  The  frontoparietals  are  not  ornamented,  nor  is  there 
any  trace  of  supraorbital  flange  or  crest  formation. 

The  nasal  bones  are  comparatively  large  elements  in  nitoi, 
patagonicus,  praebasalticus,  reverberii,  and  solitarius,  but  are  smaller 

in  somuncurensis  (Fig.  2).  In  all  of  these  frogs  the  nasals  are  nar- 
rowly separated  or  in  tenuous  contact.  Laterally,  the  nasals  are 

narrowly  separated  from  the  pars  facialis  of  the  maxilla  except  in 
somuncurensis  (in  contact). 

The  maxillary  arch  is  incomplete  in  all  six  species.  The  deleted 
element  is  the  quadratojugal.  The  alary  processes  of  the  premaxillae 

are  directed  dorsally  or  somewhat  anterodorsally  in  all  species  ex- 
cept somuncurensis  in  which  they  are  directed  posterodorsally  ( Fig. 

2).  The  pars  dentalis  bears  pedicellate  teeth  in  all  species.  Gallardo 
(1962)  originally  described  patagonicus  as  a  Batrachophnjnus.  This 
species  differs  from  the  other  Patagonian  species  in  having  weakly 
ankylosed  teeth  on  the  premaxiallae,  maxillae,  and  prevomers  but 
is  never  completely  edentate.    In  seven  juvenile  patagonicus,  the 
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Fig.  2. — Dorsal  views  of  skulls  of  Patagonian  "Telmatobius."  (A)  soli- 
tarius  (IBA-UNC  uncatalogued  5A),  (B)  nitoi  (CHINM  6875),  (C)  somun- 
curensis  (IBA-UNC  2135/8),  and  (D)  patagonicus  (IBA-UNC  uncatalogued 
2A).   Line  equals  5  mm. 

number  of  premaxillary  teeth  varies  from  3-6  (x  =  4.50,  2  SE  = 
0.50,  N  =  14)  per  premaxilla.  The  number  of  teeth  per  maxilla  in 

these  7  individuals  varies  from  0-7  (x=  2.93,  2  SE  =  1.14,  N  =  14). 
The  prevomers  have  0-1  teeth  per  odontophore  (x  =  0.43,  2  SE  = 
0.27,  N  =  14).  In  11  adults,  the  number  of  teeth  per  maxilla  ranges 
From  .3-16  (x  =  10.14,  2  SE  =  1.55,  N  =  22);  the  number  of  teeth 
per  premaxilla  ranges  from  4-10  (x=  7.09,  2  SE  =  0.64,  N  =  22); 
and  the  number  of  teeth  per  prevomerine  odontophore  varies  from 

0-2  (x  =  1.27,  2  SE  =  0.27,  N  =  22).  The  palatine  process  is 
prominent  and  easily  distinguished  from  the  pars  palatina,  which 
is  narrow  in  each  of  the  species  but  broadens  slightly  near  the  point 
"I  articulation  with  the  maxilla.  The  premaxillae  are  relatively  nar- 

row (as  in  most  advanced  Frogs) — the  maxilla  length/premaxilla 
ii  ranges  From  3.5  (reverberii,  solitarius,  somuncurensis)  to  5.0 

aquatic  patagonicus). 
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The  maxillae  bear  teeth  in  all  but  some  young  specimens  of 
patagonicus.  The  pars  facialis  bears  a  prominent  preorbital  process 
but  below  and  posterior  to  the  orbit  the  pars  facialis  is  insignificant. 

The  pars  palatina  is  narrow  through  the  length  of  the  maxilla  al- 
though it  narrows  more  markedly  posterior  to  the  pterygoid-maxilla 

articulation.   No  pterygoid  process  is  developed. 

The  parasphenoid  is  triradiate  in  all  six  species  and  the  cultri- 
form  process  extends  anteriorly  to  just  posterior  to  the  level  of  the 
palatines  in  nitoi,  patagonicus,  solitarius,  and  somuncurensis  but 
extends  more  anterad  (just  anterior  to  level  of  the  palatines)  in 
praebasalticus  and  reverberii.  The  parasphenoid  alae  are  oriented 

at  right  angles  to  the  cultriform  process  (or  feebly  deflected  pos- 
teriorly). No  odontoids  or  ridges  appear  on  the  ventral  surface  of 

the  bone. 

Fig.  3. — Ventral  views  of  skulls  of  Patagonian  "Telmatobius."  (A)  soli- 
tarius (IBA-UNC  uncatalogued  5A),  (B)  nitoi  (CHINM  6875),  (C)  somun- 

curensis (IBA-UNC  2135/8),  and  (D)  patagonicus  (IBA-UNC  uncatalogued 
1A).  Line  equals  5  mm. 
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The  prevomers  are  entire  in  each  of  the  Patagonian  Telmatobius 
but  arc  relatively  small  hones.  The  dentigerous  processes  are  usually 
present  (except  in  small  individuals)  and  bear  teeth.  The  processes 
are  situated  between  the  choanac.  The  prevomers  do  not  contact 

any  of  the  other  dermal  bones  of  the  skull.  The  palatines  are  uni- 
formly present  but  are  small,  not  contacting  the  maxillae  or  the 

sphenethmoid  except  in  somuncurensis  (Fig.  3).  In  all  of  the  spe- 
cies there  is  an  anterior  flange  on  the  palatines — these  are  best 

developed  in  nitoi  and  solitarius. 

The  triradiate  pterygoids  are  relatively  small.  The  anterior 
ramus  articulates  with  the  maxilla  in  an  articulation  extending 
nearly  to  the  planum  antorbitale  (patagonicus,  somuncurensis)  or  is 
only  briefly  in  contact  with  the  maxilla  (nitoi,  solitarius).  The 
median  ramus  is  reduced  in  all  of  these  frogs  and  does  not  bear  a 

bony  articulation  with  the  otic  capsule  in  nitoi,  reverberii,  and  soli- 
tarius; the  median  ramus  is  larger  and  does  contact  the  otic  capsule 

in  patagonicus,  praebasalticus,  and  somuncurensis. 

The  zygomatic  rami  of  the  squamosals  are  present  and  moder- 
ately long.  The  otic  rami  are  small  and  directed  medially  toward 

the  cristae  paroticae  but  do  not  articulate  or  overlap  the  cristae 

paroticae. 
The  sep  torn  axillae  are  uniformly  present  and  proportionately 

large  in  each  of  these  species;  the  elements  are  least  large  in 
somuncurensis.  The  sphenethmoid  is  weakly  ossified  in  five  species 
but  is  extensive  in  nitoi  (extending  anteriorly  to  near  the  anterior 
edge  of  the  nasals  and  posteriorly  to  enclose  the  optic  foramen ) .  In 
the  other  species,  the  ossification  extends  to  beneath  the  posterior 
edge  of  the  nasals  (patagonicus,  solitarius)  or  fails  to  reach  the 
nasals  (other  three  species). 

The  otoccipital  is  weakly  ossified  in  all  species  except  nitoi  and 

the  prootic  and  exoccipital  are  clearly  defined.  The  epiotic  .emi- 
nences are  relatively  low  and  the  crista  parotica  is  best  described  as 

short  and  stocky.  An  operculum  is  evident  in  each  of  the  species 
but  the  plectrum  (columella)  is  present  only  in  somuncurensis. 
|  The  cavum  tympanicum  and  tympanic  annulus  are  likewise  absent 
in  nitoi,  patagonicus,  praebasalticus,  reverberii,  and  .solitarius;  these 
Features  arc  present  in  somuncurensis).  The  occipital  condyles  are 

not  stalked  and  are  not  confluent.  The  condyles  are  slightly  sepa- 
rated in  all  species  except  in  nitoi  (Fig.  2-3). 

Fostcranial  axial  skeleton. — All  six  species  are  uniformly  pro- 
COelouS   and    have    8    presacral    vertebrae;    the    cervical   and    second 
vertebra  are  not  fused.  The  cotylar  Facets  of  the  atlas  are  broadly 
to  narrowly  separated.  Few  specimens  exhibit  the  clearly  type  II 
atlantal   condition   previously   reported   For  Telmatobius   (Lynch, 
L971  ).   Only  solitarius  and  sotnuncurensis  exhibit  the  type  II  (closely 
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juxtaposed  cotyles)  atlantal  condition.  The  other  four  species  have 
more  widely  separated  cotyles  approaching  a  type  I  condition.  I  am 
reluctant  to  term  the  atlases  of  these  four  species  as  type  I.  The 
neural  arches  are  not  imbricate  ( Fig.  4 ) ,  although  the  exposure  of 
the  nerve  canal  varies  concordantly  with  general  levels  of  ossification 

(least  non-imbricate  in  nitoi  and  solitarius — most  non-imbricate  in 
patagonicus  and  reverberii) .  The  neural  arches  lack  crests.  Verte- 

brae II  through  IX  (sacrum)  bear  transverse  processes  and  lack 
ribs  (even  in  the  newly  metamorphosed  individuals).  With  the 
exception  of  reverberii  (see  below),  the  transverse  processes  are 

prominent  on  vertebrae  II-VIII.  Those  of  vertebrae  II-IV  are  per- 
ceptibly broader  than  those  of  vertebrae  V-VIII.  The  transverse 

processes  are  deflected  anteriorly  on  vertebrae  II,  III,  VII,  VIII,  and 
sometimes  VI,  and  are  deflected  posteriorly  on  vertebrae  IV,  V,  and 
sometimes  VI.  Those  of  VI  are  oriented  anteriad  in  nitoi  and 

patagonicus  but  posteriorly  in  praebasalticus,  solitarius,  and  so- 
muncurensis. 

The  widths  of  the  transverse  processes  (measured  from  the  tip 
of  the  process  to  the  base  of  the  prezygapophysis  along  the  anterior 

edge  of  the  process)  are  in  order  of  decreasing  length — III,  II  and 
IV,  V,  VI,  VII,  VIII.  In  patagonicus,  the  transverse  processes  of 
vertebrae  II-IV  are  broader  than  or  as  broad  as  the  sacral  dia- 

pophyses  (98-118%).  The  processes  of  vertebrae  V-VIII  are  much 
narrower  than  the  sacral  diapophyses  (49-68%).  The  transverse 
processes  of  vertebra  III  are  broader  than  the  sacral  diapophyses 
in  praebasalticus  and  somuncurensis  but  not  in  nitoi  or  solitarius 

(Fig.  5).    In  these  last  two  species  the  processes  on  II-IV  are 

Fig.  4. — Anterior  views  of  atlases  of  Patagonian  "Telmatobius."  (A)  nitoi 
(CHINM  6875),  (B)  patagonicus  (IBA-UNC  uncatalogued  1A),  (C)  soli- 

tarius (IBA-UNC  uncatalogued  5A),  (4)  somuncurensis  (IBA-UNC  2135/8), 
and  (E)  Abodes  gargola  (CHINM  7082).   Line  equals  5  mm. 
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Fig.  5. — Dorsal  views  of  vertebral  columns  of  Patagonian  "Tclmatobius." 
(A)  somuncurcnsis  (IBA-UNC  2135/8),  (B)  nitoi  (CHINM  6875),  (C) 
patagonicus  (IBA-UNC  uncatalogued  IE),  and  (D)  solitarius  (IBA-UNC 
uncatalogued  5A ) .   Lines  equal  5  mm  ( scale  between  A  and  B  applies  to  both ) . 

broader  than  the  processes  on  V-VIII.  The  same  situation  is  the 
case  in  praebasalticus.  In  somuncurensis,  the  processes  of  vertebrae 
II,  III,  and  IV  are  subequal  in  width  and  not  strikingly  broader 
than  the  processes  of  vertebra  VI. 

The  sacral  diapophyses  are  deflected  posteriorly  in  each  species. 
The  diapophyses  are  most  dilated  (ratio  of  length  to  width)  in 
nitoi  (0.96)  and  patagonicus  (0.84),  but  are  much  less  dilated  in 
praebasalticus  (0.64),  solitarius  (0.71),  and  somuncurensis  (0.54). 

In  no  case  could  the  diapophyses  be  described  as  "expanded  or 
dilated"  (and  thus  equivalent  to  the  character  state  seen  in  many 
bufonids),  but  they  are  more  dilated  than  is  the  case  in  most 
telmatobiine  frogs. 

In  terms  of  vertebral  morphology,  reverberii  is  the  most  distinc- 
tive of  the  Patagonian  Tclmatobius.  The  transverse  processes  of 

vertebrae  V-VIII  arc  extremely  short.  The  deflection  of  the  proc- 
esses of  the  posterior  vertebrae  cannot  be  satisfactorily  described  but 

the  deflection  of  the  anterior  vertebrae  (II-IV)  conforms  with  that 
in  the  other  Patagonian  species.  The  transverse  processes  of 

brae  II-IV  are  broader  than  the  sacral  diapophyses  (103-147%). 

I  In-  sacral   diapophyses   are  not  dilated  but  are  weakly  deflected 
h  riorly.  The  centra  are  proportionately  very  broad  (compare 

Fig,  8  \  and  D)  when  compared  with  those  of  adults  of  the  other 
five  Patagonian  Telmatobius,  The  skeletons  of  reverberii  available 
to  me  Include  a  number  of  juveniles;  the  largest  specimens  are  not 
mature  (26.5-27.5  nun  SVL  contrasting  with  adult  size  range  of 
35-38  mm  given  by  Cei,  1969a).   Comparing  the  skeletons  of  the 
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largest  reverberii  available  to  me  with  those  of  immature  patagoni- 
cus (Fig.  6  C)  prompts  the  conclusion  that  the  broad  centra  of  my 

reverberii  are  reflections  of  immaturity.  The  failure  of  the  centra 
of  the  anteriormost  vertebrae  to  ankylose  with  the  neural  arches  is 

also  a  reflection  of  immaturity.  The  lack  of  sacral  diapophyseal 
dilation  may  also  be  due  to  age  but  the  brevity  of  the  transverse 
processes  of  the  posterior  vertebrae  in  reverberii  appears  not  to  be 

due  to  age.  The  centra  appear  to  be  stegochordal  but  my  prepara- 
tions do  not  permit  a  definitive  statement. 

The  ilial  shaft  is  elongate  bearing  little  or  no  dorsal  crest  ( Fig. 
7).  The  dorsal  prominence  is  small,  conical,  and  directed  dorso- 
laterally  (a  protuberance  is  not  clearly  evident).  The  dorsal  acetab- 

ular expansion  is  small  with  little  dorsal  vector.  The  ventral  acetab- 
ular expansion  is  moderate-sized.  The  angle  of  ventral  acetabular 

expansion  is  about  90°.  The  acetabulum  is  large  and  weakly  emargi- 
nate  dorsally.  The  preacetabular  zone  is  broad.  The  ischium  is 

small  and  lacks  prominent  processes.  The  pubis  is  small  and  car- 
tilaginous. 

The  hindlimb  skeleton  is  not  noteworthy.  The  femur  and  tibio- 
fibula  lack  processes  or  hooks.  The  tibulare  and  fibulare  are  not 
fused.  Two  tarsalia  are  present.  The  metatarsals  and  phalanges 

are  not  modified,  and  the  primitive  phalangeal  formula  ( 2-2-3-4-3 ) 
The  sacrococcygeal  articulation  is  bicondylar  in  all  six  species. 

The  coccyx  does  not  bear  transverse  processes  or  prezygapophyses. 
is  unmodified.  The  terminal  phalanges  are  knobbed.  If  a  prehallux 

Fig.  6. — Vertebral  columns  of  Patagonian  "Telmatobius."  (A  and  B)  dor- 
sal and  ventral  views,  reverberii  (IBA-UNC  uncatalogued  4A);  ventral  views 

of  that  of  a  (C)  juvenile  patagonicus  (IBA-UNC  uncatalogued  2C)  and  (D) 
an  adult  patagonicus  (IBA-UNC  uncatalogued  1A).  Scale  for  A  and  B  be- 

tween them;  lines  equal  5  mm. 
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Fig.  7. — (A)  prepollex,  thumb,  and  second  metacarpal  of  left  hand  of 
nitoi  (male,  CHINM  6875),  (B)  palmar  view  of  hand  of  patagonicus  (male, 
IBA-UNC  uncatalogued  3A),  (C)  prepollex,  thumb,  and  second  metacarpal 
of  left  hand  of  somuncurensis  (male,  IBA-UNC  2135/8),  and  (D)  pelvis  of 
patagonicus  (IBA-UNC  uncatalogued  IE).    Line  equals  5  mm. 

is  present,  the  element  is  cartilaginous  and  does  not  pick  up  Alizarin 
stain. 

Pectoral  girdle  and  appendages. — The  pectoral  girdles  of  all  six 
species  are  arciferal.  Procoracoid  cartilages  are  present  extending 
laterally  along  %  to  %  the  width  of  the  clavicles.  The  procoracoids 

are  I  used  aiiteromediallv  in  patagonicus  but  are  free  in  somuncuren- 

sis. 'I  he  epicoracoidal  cartilages  are  lice  lor  their  entire  lengths 
ept  at  the  precoracoid  or  procoracoid  bridge)  and  end  pos- 

teriorly as  prominent  epicoracoidal  horns  lateral  to  the  sternum. 
I  In  omosternum  is  uniformly  present.  It  is  narrow  and  elongate  in 
all  species  except  somuncurensis  in  which  it  broadens  anteriorly 

I  Found  no  omosternal  ossifications. 

The  clavicles  are  strongly  arched  (  tips  extending  anterior  to  a 
line  between  the  anterior  edges  ol  the  scapulae)  and  in  contact 
medially.     I  he  posterior  border  (  on  the  medial  %)  bears  a  thin  flange 
which  increases  the  length  of  the  bone  (this  is  simply  ossification  of 
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the  procoracoidal  cartilages).  The  clavicle  does  not  overlay  the 
pars  acromialis  of  the  scapula.  Clavicle  width/scapula  width  is 

0.95-1.2  in  the  six  species.  The  scapula  is  proximally  bicapitate. 
The  coracoids  are  narrowly  dilated  at  their  distal  and  proximal  ends, 
narrower  than  the  clavicles,  and  somewhat  thicker  elements  than 
the  clavicles. 

The  sternum  is  longer  than  broad  in  all  six  species.  In  all  but 

somuncurensis,  the  sternum  is  plate-like,  weakly  expanded  postero- 
laterally,  weakly  pointed  posteriorly,  and  lacks  internal  ossification 
( Fig.  8 ) .  In  somuncurensis,  the  sternum  is  deeply  incised  posteriorly 

(for  about  one-half  its  length)  and  somewhat  expanded  postero- 
laterally.   Anterior  to  the  incision  are  two  rectangular  ossifications. 

The  skeleton  of  the  forelimb  is  not  noteworthy.  The  humerus 

bears  a  normal-sized  crista  centralis  (deltoidea),  a  narrow  crista 
lateralis,  and  a  slightly  larger  crista  medialis.  On  the  humeri  of 

nitoi,  the  spina  tuberculum  medialis  is  visible  (Fig.  9).  The  fore- 
limbs  of  the  males  of  these  species  are  not  massive  when  compared 
to  those  of  females,  and  that  is  reflected  in  the  modest  development 
of  humeral  crests.  The  phalangeal  formulae  for  the  manus  is  the 

primitive  condition  (2-2-3-3),  and  the  terminal  phalanges  are 
knobbed.  The  prepollex  consists  of  three  elements  and  is  small 

( less  than  half  the  length  of  the  first  metacarpal ) .  The  inner  meta- 
carpal of  males  of  nitoi  and  somuncurensis  bears  a  short  flange  at 

the  midpoint  of  the  medial  margin  of  the  bone  ( Fig.  7) .  This  condi- 
tion is  not  seen  in  patagonicus,  praebasalticus,  or  solitarius.  I  do  not 

have  adult  males  of  reverberii. 

Secondary  sex  characteristics. — Males  of  each  of  the  six  species 
have  nuptial  pads  on  the  thumb.   In  some  species  the  excrescences 

Fig.  8. — Ventral  views  of  pectoral  girdles  (excluding  scapulae,  supra- 
scapulae,  and  cleithra)  of  (A)  nitoi  (CHINM  6875),  (B)  patagonicus  (IBA- 
UNC  uncatalogued  3A),  and  (C)  somuncurensis  (IBA-UNC  2135/7).  Line 
equals  5  mm.   Cartilage  is  stippled. 
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In.  9. — Ri^ht  humeri  of  male  Patagonian  "Tclmatobitis";  medial,  anterior, 
lit'  i;il  and  posterior  views,  respectively,  of  Alsodes  fiargola  (A,  A',  A",  A'"; 
<  IIIW1  7082),  Afdognathtu  nitoi  (II,  B\  B",  B'";  CHINM  6875),  and 
Somuncwia  somuncyrensis  (C,  C,  C",  C":  IBA-UNC  2135/8).    Line  equals ~>  Him. 

I  f'  ml  onto  the  second  and  even  third  fingers.  In  every  case  the 
nii|)li;il  spines  are  small,  close-set,  and  numerous,  forming  a  rough- 

ened pad.  None  "I  the  six  species  shows  any  trace  of  nuptial  arma- 
riirnt  on  the  chest,  and  all  species  appear  to  lack  spicules  on  the 
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skin  of  the  dorsum  and  hind  legs.    As  mentioned  above,  the  fore- 
arms of  the  male  are  not  greatly  enlarged. 

On  the  basis  of  data  provided  by  Cei  (1969a,  1970a,  1972), 
Barrio  (1973),  and  Cei  and  Roig  (1968),  there  seems  to  be  no 
appreciable  size  difference  between  males  and  females.  Vocal  sacs 
and  slits  are  absent  in  all  species. 

Other  traits. — The  tympanic  annulus  is  visible  only  in  somuncu- 
rensis;  this  structure  as  well  as  the  cavum  tympanicum  and  plectrum 
is  lost  in  the  other  five  species.  The  pupil  is  a  horizontal  slit  in  each 
of  the  six  species.  The  meniscus  noted  by  Cei  (1969a,  1972)  in 
somuncurensis  is  not  found  in  the  other  five  species.  The  thumb  is 
slightly  longer  than  the  second  finger.  The  skin  of  the  dorsum  is 
smooth  or  weakly  granular  in  the  six  species  and  not  provided  with 
obvious  parotid,  lumbar,  or  inguinal  glands.  This  skin  of  the  venter 
is  smooth.  The  peculiar  cloaca  of  somuncurensis  ( see  Cei,  1969a,  for 
illustrations)  is  unique.  Tarsal  folds  occur  in  five  species  but  are 

absent  in  somuncurensis.  The  folds  are  weakly  developed  and  nar- 
row in  praebasalticus,  but  prominent  in  nitoi,  patagonicus,  reverb- 

erii,  and  solitarius.  Two  metatarsal  tubercles,  the  inner  larger  than 

the  outer  and  neither  spade-like,  occur  in  each  of  the  six  species. 
Considerable  variation  is  exhibited  in  toe  webbing.  The  toes  of 

nitoi  and  patagonicus  are  fully  webbed  although  the  litoral  popula- 
tions of  patagonicus  have  one  phalanx  of  the  fourth  toe  free  of 

webbing.  Two  to  two  and  one-half  phalanges  of  the  fourth  toe  are 
free  of  webbing  in  praebasalticus  and  reverberii  ( these  species  may 

be  described  as  having  the  foot  "half-webbed").  Three  phalanges 
are  free  (one-third  webbed)  in  somuncurensis  and  three  and  one- 
half  ( one-fourth  webbed )  in  solitarius. 

The  posterior  edge  of  the  tongue  is  free  (non-adherent  to  floor 
of  mouth)  and  not  notched  in  any  of  the  species.  Prevomerine 
odontophores  are  usually  visible  (if  not  visible,  palpable)  and  are 
situated  between  the  moderate-sized  choanae. 

Karotype  data  are  available  for  five  of  the  species.  Four  have 
diploid  counts  of  26  chromosomes  ( Barrio,  1973,  Barrio  and  Rinaldi 

de  Chieri,  1970,  Cei,  1969b) — nitoi,  patagonicus,  praebasalticus,  and 
reverberii.  Barrio  (1973)  reported  a  secondary  constriction  on 

chromosome  6.  The  karotypes  of  nitoi,  patagonicus,  and  praebasalti- 
cus consist  of  five  pairs  of  large  chromosomes  and  eight  pairs  of 

small  chromosomes.  Cei  (1969b:  269)  mentioned  that  somuncuren- 
sis has  a  2N  of  22. 

Taxonomic  Conclusions 

The  morphology  of  the  Patagonian  "Telmatobius"  provides  sup- 
port for  the  following  taxonomic  conclusions: 
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1)  Gallardo's  (1962,  1970)  assignment  of  patagonicus  to  Ba- 
trachophrynus  cannot  be  supported  because  patagonicus  has  teeth 
on  the  maxillary  arch  and  prevomer  (Batraclwplirynus  is  edentate), 
and  patagonicus  has  a  narrow  /w.s  palatina  of  the  premaxilla  and 
lacks  a  quadratojugal.  In  patagonicus  the  transverse  processes  of 
the  posterior  presacral  vertebrae  are  shortened  and  the  sacral  dia- 
pophyses  are  weakly  dilated.  The  tongue  is  present  and  its  posterior 
edge  is  free  in  patagonicus,  unlike  the  condition  in  the  two  species 

of  Batrachophrynus.  The  similarity  of  patagonicus  to  Batrachophry- 
nus  is  best  viewed  as  convergence  through  adaptation  to  similar 
habitats. 

2)  Gallardo's  (1970)  assignment  of  praebasalticus  and  reverberii 
to  Alsodes  is  rejected  on  two  bases.  Firstly,  neither  species  exhibits 

the  greatly  enlarged  forearm  (and  humeral  spines  or  flanges)  pur- 
portedly characteristic  of  males  of  Alsodes;  neither  species  has  nup- 

tial armature  on  the  chest  of  the  male,  and  neither  species  exhibits 
the  expanded  and  posteriorly  notched  sternum  characteristic  of 
Ahodes  (Gallardo,  1970).  Secondly,  these  species  share  a  number 
of  character  states  of  skeletal  features  with  nitoi,  patagonicus,-  and 
solitarius  (viz.,  lack  of  quadratojugal,  very  large  frontoparietal  fon- 
tanelles,  and  relatively  large  juxtaposed  nasals)  in  contrast  to  the 

character-states  for  the  same  characteristics  in  the  other  species 
usually  assigned  to  Alsodes  (gargola,  montanus,  monticola,  and 
nodosus). 

3)  The  six  species  are  not  members  of  Telmatobius.  Unlike 
Telmatol)ius,  the  Patagonian  species  lack  quadratojugal  bones.  Loss 

of  the  quadratojugal  is  rare  among  leptodactyloid  frogs — only  seven 
other  leptodactyloid  genera  exhibit  the  loss  (the  Cycloranine  Nota- 
den,  the  Elosiine  Crossodactylus,  the  Leptodactylines  Tlcurodcma 

and  Pseudopaludicola,  and  three  Telmatobiines,  Batrachyla,  Hy- 
lorina,  and  Insuetophrynus) . 

4)  One  of  the  Patagonian  species,  somuncurensis,  exhibits  a  low 
character-state  congruence  with  the  other  five.  Unlike  those  species, 
somuncurensis  has  moderate-sized,  medially  separated,  ellipsoid 
nasal  bones,  contact  between  the  maxilla  and  nasal,  posterodorsally 
directed  alary  processes  of  the  premaxillae,  fully  developed  ears, 

;i  large,  Spatlllate  omosternum,  a  deeply  notched  (bifurcate)  ster- 
num bearing  a  pair  ol  endochondral  ossifications,  11  pairs  of  chromo- 

somes, and  lacks  a  tarsal  fold.  One  other  trait  of  somuncurensis, 

Unusual    among    Neotropical    leptodaetvloids,    is    inguinal    amplexus 
C«  i  L972;447,  fig.  5). 

The  architecture  <>l   the  skull,  vertebral  column,  and  pectoral 
girdle   oi    80munCUrensi8  are    similar   to   the   conditions   seen    in   the 

leptodactyline  genus  Pleurodema.    The  chromosome  number  for 

■  "iiiiiik  urcnsis    ( 2N    =    22)    agrees    with    the   modal    count  for  the 
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Leptodactylinae  rather  than  that  for  the  lower  telmatobiines  (2N 
=  26).  Although  the  sternal  condition  in  somuncurensis  approaches 
the  condition  seen  in  several  Pleurodema,  no  sternal  style  is  devel- 

oped. The  type  II  cervical  cotylar  arrangement  in  somuncurensis 
is  unlike  the  type  I  arrangement  found  in  Pleurodema  and  the  other 
leptodacty lines.  The  occurrence  of  inguinal  amplexus  is  unusual 
among  Neotropical  leptodactyloids  but  is  duplicated  in  Pleurodema 
bufonina  and  the  bufonids  of  the  genus  Osornophryne. 

The  low  character-state  congruence  between  somuncurensis  and 
the  other  Patagonian  Telmatobius  coupled  with  a  number  of  simi- 

larities between  the  seven  species  and  between  somuncurensis  and 

the  leptodactylines  of  the  genus  Pleurodema  suggest  that  somuncu- 
rensis should  be  placed  in  its  own  genus  and  viewed  as  annectant 

between  the  Patagonian  Telmatobius  and  Pleurodema. 
5)  The  remaining  Patagonian  species  cannot  be  placed  in  any 

currently  recognized  genus  of  the  Leptodactylidae.  The  architecture 
of  the  pectoral  girdle,  skull,  and  vertebral  column,  as  well  as  the 
simple  digits  (no  dermal  scutes,  no  discs  or  pads),  and  presence  of 

aquatic  larvae  in  the  life  cycle  support  assignment  to  the  Telmato- 
biinae.  Within  the  Telmatobiinae,  the  Grypiscini  and  Eleutherodac- 
tylini  exhibit  more  advanced  and/or  specialized  features  than  seen 
in  the  Patagonian  species  ( Lynch,  1971 ) .  The  Odontophrynini  have 

a  ceratophryine-type  ilium  and  markedly  differ  in  the  arrangement 
of  skull  bones  and  in  pectoral  architecture  (Lynch,  1971).  The 
Patagonian  species  do  exhibit  resemblances  to  those  telmatobiines 
placed  in  the  tribes  Alsodini,  Batrachylini,  and  Telmatobiini.  These 
three  putative  tribes  include  the  following  genera  ( not  all  previously 
recognized  by  all  authors ) :  Abodes,  Batrachophrynus,  Batrachyla, 
Caudiverbera,  Eupsophus,  Hylorina,  Insuetophrynus,  Telmatobufo, 
Telmatobius,  and  Thoropa.  Barrio  and  Rinaldi  de  Chieri  (1971) 
suggested  that  Limnomedusa  (placed  in  the  Leptodactylinae  by 
Lynch,  1971)  also  belongs  with  this  assemblage. 

Atelognathus  new  genus 

Type  species. — Batrachophrynus  patagonicus  Gallardo,  1962. 
Diagnosis. — A  genus  of  Telmatobiine  Leptodactylids  unique  in 

having  large,  frontoparietal  fontanelles,  short  palatine  bones  (not 
contacting  the  maxilla  or  calcified  sphenethmoid ) ,  large  nasal  bones 
in  median  contact,  lacking  quadratojugals,  plectra  (columellae), 
tympanic  annuli,  and  cavi  tympani.  The  pectoral  girdle  is  arciferal 

with  an  elongate,  non-spatulate  omosternum,  and  non-bifurcated 
sternum  lacking  endochondral  ossifications.  The  cervical  cotylar 
arrangement  is  type  II  or  intermediate  between  types  I  (concave) 
and  II  (convex).  The  eight  procoelous  presacral  vertebrae  are 
independent  and  lack  a  vertebral  shield.  The  transverse  processes  of 
presacral  vertebrae  V-VIII  are  short.    The  sacral  diapophyses  are 
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weakly  dilated.  The  ilium  is  of  the  leptodactyline  type.  Terminal 
phalanges  knobbed.  Tadpoles  with  %  tooth  rows,  labial  papillae 
interrupted  anteriorly,  pond  type. 

Etymology. — Greek,  atelcs  and  gnathos,  meaning  incomplete 
jaw;  in  reference  to  the  lack  of  a  quadratojugal  in  the  maxillary  arch. 

Content. — Six  species:  A.  grandisonae  (Lynch),  A.  nitoi  (Bar- 
rio), A.  patagonicus  (Gallardo),  A.  praebasalticus  (Cei  and  Roig), 

A.  reverberii  (Cei),  and  A.  solitarius  (Cei). 

Remarks. — Atelognathus  is  readily  associated  with  the  ten  genera 
listed  above.  In  the  lack  of  quadratojugals,  Atelognathus  resembles 
Batruchyla,  Hylorina,  and  Insuetophrynus.  The  three  genera  differ 
from  Atelognathus  in  having  small,  medially  separated  nasal  bones, 
long  palatine  bones  (resting  against  calcified  sphenethmoid  and 
maxilla),  and  in  having  complete  ears.  Batrachyla  differs  further  in 

having  T-shaped  terminal  phalanges,  the  first  finger  shorter  than  the 
second,  and  the  larvae  have  a  complete  series  of  papillae  about  the 
mouth.  Hylorina  has  greatly  elongated  digits,  vertical  pupils,  and 
the  larvae  have  2/2  tooth  rows.  Insuetophrynus  has  large  spines  on 
the  thumb  and  chest  of  the  reproductively  active  male  and  has  a 
very  narrow  frontoparietal  fontanelle. 

Atelognathus  grandisonae  is  the  most  southern  species  of  the 

genus.  It  differs  from  the  other  five  species  in  having  a  dilated  raa- 
nubrial  portion  of  the  omosternum,  narrowly  separated  nasal  bones, 

and  complete  coverage  of  the  frontoparietal  fontanelle.  More  ma- 
terial is  required  to  verify  the  generic  assignment;  perhaps  the  most 

critical  datum  is  the  breadth  of  the  palatine  bones. 

Somuncuria  new  genus 

Type-species. — Telmatobius  somuncurensis  Cei,  1969. 

Diagnosis. — A  genus  of  telmatobiine  leptodactylids  unique  in 
having  a  large  frontoparietal  fontanelle,  long  palatine  bones,  mod- 
erate-sized  nasal  bones,  plectra,  cavi  tympani,  and  tympanic  annuli, 
and  in  lacking  quadratojugal  bones.  The  pectoral  girdle  is  arciferal 

with  an  elongate,  spatulate  omosternum,  and  the  sternum  is  bifur- 
cated  and  hears  two  endochondral  ossifications.  The  cervical  cotylar 
arrangement  is  type  II.  The  eight  procoelous  presacral  vertebrae 

in  independent  and  lack  a  vertebral  shield.  The  transverse  proc- 
esses of  presacral  vertebrae  V-VIII  are  short  and  the  sacral  diapoph- 

yses  very  slightly  dilated.  The  ilium  is  of  the  leptodactyline  type. 

Terminal  phalanges  are  knobbed.  Tadpoles  with  %  tooth  rows, 
labial  papillae  interrupted  anteriorly,  pond  type.  Amplexus  inguinal. 

Etymology, — The  generic  name  is  taken  from  the  name  of  the 
isolated  Patagonian  plateau  on  which  the  frog  lives. 

Content. — Somuncuria  somuncurensis  (Cei);  monotypic. 
Hi-marks. — Somuncuria  somuncurensis  is  intermediate  between 



TELMATOBIINE  LEPTODACTYLID  FROGS  OF  PATAGONIA       17 

the  Patagonian  genus  Atelognathus  (Telmatobiinae)  and  the  lepto- 
dactyline  genus  Pleurodema  and  is  conceivably  a  survivor  of  a  tran- 

sitional stage  in  the  early  evolution  of  the  Leptodactylinae  from  the 
Telmatobiinae.  Somuncuria  resembles  Pleurodema  in  the  arrange- 

ment of  skull  bones,  its  karotype,  and  in  having  a  sternum  approach- 
ing the  stylar  condition  seen  in  leptodactylines. 

In  habitus,  S.  somuncurensis  is  quite  similar  to  some  Atelogna- 
thus and  Telmatobius  and  rather  unlike  any  Pleurodema  or  other 

leptodactyline.  It  differs  from  the  other  lower  telmatobiines  having 
lost  the  quadratojugals  in  the  same  ways  they  differ  from  Atelogna- 

thus (see  above)  and  differs  from  Atelognathus  in  having  broad 
palatines,  a  protruding  cloaca  (Cei,  1969a),  and  inguinal  amplexus. 

The  Lower  Telmatobiines 

Lynch  (1971)  recognized  25  genera  in  the  leptodactylid  sub- 
family Telmatobiinae  and  divided  the  subfamily  into  five  tribes  ( Al- 

sodini,  Eleutherodactylini,  Grypiscini,  Odontophrynini,  and  Telma- 
tobiini).  Subsequently  (Lynch,  1973),  the  Alsodini  was  partitioned 
into  the  Alsodini  and  Batrachylini.  The  tribes  Alsodini,  Batrachylini, 
and  Telmatobiini  are  collectively  termed  the  lower  telmatobiines. 

Twelve  genera  make  up  the  lower  telmatobiines:  Alsodes,  Atelog- 
nathus, Batrachophrynus,  Batrachyla,  Caudiverbera,  Eupsophus, 

Hylorina,  Insuetophrynus,  Somuncuria,  Telmatobius,  Telmatobufo, 
and  Thoropa.  Most  are  rare  and  accordingly  morphological  and 
biological  data  are  scarce.  A  number  of  them  are  illustrated  in 
Fig.  10. 

Heyer  (1975)  recognized  "the  telmatobines,"  an  informal  group- 
ing including  Batrachophrynus,  Batrachyla,  Caudiverbera,  Eupso- 

phus, Hylorina,  Insuetophrynus,  Telmatobius,  and  Telmatobufo.  He 
placed  Thoropa  in  an  ecological  assemblage  containing  elosiines  and 
grypiscines  as  well. 

In  the  past  five  years  I  have  been  able  to  study  skeletons  of 

Insuetophrynus  and  Telmatobufo  as  well  as  those  of  Alsodes  gar- 
gola,  A.  montanus,  Atelognathus,  Batrachophrynus  brachydactylus, 
Somuncuria,  and  several  species  of  Telmatobius.  The  data  derived 

from  study  of  these  critical  taxa  require  a  re-interpretation  of  the 
relationships  of  the  lower  telmatobiines  and  allow  some  conclusions 

not  previously  possible.  Morphological  data  for  these  lower  telma- 
tobiines follow: 

Alsodes  gargola  Gallardo  and  A.  montanus  (Lataste) 

Skull. — The  frontoparietals  are  paired,  not  fused  to  the  prootics, 
and  moderately  extensive  exposing  a  frontoparietal  f ontanelle  ( Fig. 
11).  The  f ontanelle  is  narrower  than  that  seen  in  most  species  of 

Atelognathus  but  more  extensive  than  that  illustrated  in  Telma- 
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l'„..    10.— Representative  tematobiine  frogs:    From  lefl   to  right  and  top 
to  bottom:     KteJognathua  patagonicus,  KU   L60427,  6,  44.5  nun;     Batrcchyla 

Ujeni  81457     (,30.0  mm;    Caudiverbera  caudiverbera,  KU   161411, 
,,,,      Eupsophus  oertebralis,  KU    L 62236,    $,  49.4  nun;     Hylorina 

a    ki     L8139]       .  81.7  mm;     Iruuetophryntu  acarpicus,  KU   181413, 

relmatobitu  peruvianas,  KU   162058,   5,  53.5  nun;     Telmato- 
(.'  75.6mm.  Photographs  by  William E.  Duellman. 
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tobius  hauthali  or  T.  marmoratus  by  Lynch  ( 1971 ) .  Anteriorly,  the 
frontoparietals  broadly  rest  on  the  posterolateral  margins  of  the 
sphenethmoid.  Posteriorly,  the  elements  rest  on  the  otoccipitals. 
The  sphenethmoid  is  moderate-sized  and  the  nasals  rest  on  the 
anterolateral  margins  of  the  calcified  portions  of  the  element.  The 

nasals  are  broadly  separated  from  one  another  and  from  the  fronto- 
parietals; they  bear  long  maxillary  processes  which  nearly  reach  the 

maxillae.   The  nasals  are  relatively  short  and  teardrop-shaped. 
The  maxillary  arch  is  complete  but  less  massive  than  that  of 

Telmatobufo  venustus.  The  premaxillae  are  relatively  narrow  and 
bear  alary  processes  of  moderate  length  directed  dorsally.  The 

11-14  premaxillary  teeth  are  moderately  long,  pedicellate,  and  well- 
ankylosed  to  the  jaw.  The  pars  palatina  is  narrow  except  where  the 

moderate-length  palatine  processes  are  found.  The  pars  facialis  of 
the  maxilla  is  relatively  deep  and  restricted  to  the  snout.  The  maxilla 

bears  about  30  well-ankylosed  teeth  in  a  row  extending  to  a  point 
just  posterior  to  the  maxillopterygoid  junction.  The  pars  palatina 

is  narrow  and  narrows  abruptly  at  the  posterior  end  of  the  maxil- 

Fig.  11.— Skulls  of  (A)  Abodes  gargola  (CHINM  7082)  and  (B tophrynus  acarpicus  (CHINM  6903).    Line  equals  5  mm. )  Insue- 
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lopterygoid  junction.  No  obvious  pteiygoid  process  is  developed. 

The  quadratojugal  is  of  moderate-size  and  broadly  articulates  with 
the  maxilla.  The  septomaxillae  are  small. 

The  otoccipital  is  well-ossified  with  low  epiotic  eminences.  The 
cristae  paroticae  are  short  and  stocky  in  A.  gargola  and  slightly 
broader  and  narrower  in  A.  montanus.  Both  have  opercula  and  lack 
plectra.  The  occipital  condyles  are  not  stalked  and  are  narrowly 
separated.  The  zygomatic  ramus  of  the  squamosal  is  of  moderate 
length.  The  otic  ramus  is  short.  In  A.  gargola  the  otic  ramus  is 
directed  medially  and  lacks  an  otic  plate  whereas  in  A.  montanus 
it  is  not  deflected  medially  but  bears  a  small  otic  plate.  In  neither 
species  does  the  otic  ramus  or  plate  contact  the  crista  parotica. 

The  parasphenoid  is  cruciform.  The  cultriform  process  is  long 
and  gradually  narrows  anteriorly  in  A.  gargola.  The  anterior  end 
of  the  cultriform  process  extends  to  between  the  palatines  in  A. 
gargola  but  not  as  far  anteriad  in  A.  montanus.  The  parasphenoid 
alae  are  oriented  at  right  angles  to  the  cultriform  process  in  A. 
gargola  but  weakly  deflected  posteriorly  in  A.  montanus.  Both  have 

a  posterior  ramus  of  the  parasphenoid;  the  ramus  is  round  -pos- 
teriorly ( not  indented ) . 

The  pterygoids  are  relatively  large.  The  anterior  ramus  rests  on 
the  palatal  shelf  of  the  maxilla  but  does  not  reach  the  palatines.  The 
median  ramus  is  of  moderate  length  and  abuts  against  the  anterior 

face  of  the  prootic  overlapping  the  parasphenoid  alae.  The  ptery- 
goid does  not  bear  a  ventral  flange. 

The  skull  anterior  to  the  palatines  is  not  shortened.  The  palatines 

are  broad  and  arched,  extending  from  the  maxillae  to  the  spheneth- 
moid.  The  anterior  flange  is  better  developed  in  A.  montanus  but 
perceptible  in  A.  gargola.  The  small  prevomers  lie  well  anteriad  to 

the  palatines,  are  broadly  separated,  entire,  and  bear  rows  of  6-7 
well-ankylosed  teeth  on  prominent  odontophores  lying  between  the 
choanae. 

Postcranial  skeleton. — The  vertebral  column  contains  eight  inde- 
pendent, procoelous,  presacral  vertebrae.  The  cervical  cotyles  are 

moderately  separated.  The  neural  arches  are  non-imbricate  and 
lack  crests.  Vertebrae  II— IX  bear  transverse  processes  and  lack  ribs. 
The  transverse  processes  of  II— IV  are  larger  (thicker  and  wider) 
than  those  of  V-VIII.  In  gargola,  the  processes  of  II,  VI-VIII  are 
deflected  anteriorly  and  IV-V  are  deflected  posteriorly.  In  mon- 
tatlUS,  the  processes  of  II,  VII— VIII  are  deflected  anteriorly  and 
HI-YI  deflected  posteriorly.  In  order  of  decreasing  widths,  the 
transverse  processes  of  gargola  are  III,  IX,  II,  IV,  V,  VI-VIII;  those 
ol  montanus  are  III.  [V  and  IX,  II,  V,  VI,  VII,  VIII.  The  sacral 
diapophyses  are  oriented  at  right  angles  to  the  sagittal  plane  or 

eakl)  deflected  posteriorly.  The  sacral  diapophyses  are  weakly 
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dilated  (L/W  0.82-0.90  in  gargola;  0.77-0.82  in  montanus).  The 
sacrococcygeal  articulation  is  bicondylar.  The  coccyx  lacks  lateral 
flanges  and  is  not  inflated  anteriorly.  In  A.  montanus  there  is  a  pair 
of  thin  processes  arising  on  the  arch  (Fig.  12);  these  are  not  verte- 

bral like  structures.  The  ilium  bears  a  very  slight  ridge-like  dorsal 
crest;  the  dorsal  prominence  is  the  same  as  that  in  Insuetophrynus. 

The  clavicles  are  massive  and  curved.  The  omosternum  is  short 

and  bears  a  manubrial  dilation.  The  sternum  broadens  posteriorly, 
is  weakly  inflated  posteriorly,  and  is  feebly  notched.  The  sternum 

bears  an  irregular-shaped  endochondral  ossification.  The  humerus 
in  males  bears  enlarged  cristae  medialis,  lateralis,  and  centralis 
(Fig.  9). 

Batrachophrynus  brachydactylus  Peters 

The  skeleton  of  a  single  specimen  of  this  rare  aquatic  leptodac- 
tylid  is  available.  The  skull  exhibits  few  departures  from  the  de- 

scription and  illustration  of  B.  macrostomus  given  by  Lynch  (1971). 
The  nasals  are  shorter  than  in  macrostomus  but  in  that  species  are 
broadly  in  contact  medially  and  extend  laterally  to  form  sutures 

with  the  pars  facialis  of  the  maxilla  and  anterior  ramus  of  the  ptery- 
goid. In  B.  brachydactylus,  the  frontoparietals  are  separated  for 

most  of  their  length  exposing  a  long,  narrow  fontanelle;  the  fronto- 
parietals are  in  sutural  contact  posterior  to  the  fontanelle.  The 

cultriform  process  of  the  parasphenoid  is  shorter  in  B.  brachydacty- 
lus, extending  anteriorly  to  the  level  of  the  palatines.    Unlike  B. 

Fig.  12. — Coccyges  of  telmatobiines.  (A)  Abodes  montanus  (IBA-UNC 
1646/2),  (B)  Telmatobufo  venustus  (KU  159811)  and  (C)  dorsal,  (D) 
lateral,  and  (E)  ventral  views  of  Batrachophrynus  brachydactylus  (SDSNH 
46894).  Lines  equal  5  mm. 
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macrostomus,  B.  brachydactyhis  has  completely  lost  the  prevomers 
Both  species  are  completely  edentulous  and  both  have  broad  pars 
pahitina  of  the  premaxilla  and  maxilla.  The  median  ramus  of  the 
pterygoid  articulates  with  the  parasphenoid  ala  and  rests  on  the 

prootic.  A  plectrum  as  well  as  operculum  is  present  in  B.  brachtj- 
ductylus. 

Postcranial  skeleton. — As  in  B.  macrostomus,  there  are  eight 
procoelous  persacral  vertebrae.  The  cervical  and  second  vertebrae 
are  not  fused.  The  cervical  cotyles  are  narrowly  separated.  The 
neural  arches  are  imbricate  on  anterior  vertebrae  but  non-imbricate 

on  posterior  vertebrae;  the  arches  lack  crests.  Vertebrae  II-IX  bear 
transverse  processes  without  ribs.  The  transverse  processes  of  verte- 

bra II  are  narrower  than  those  of  III-IX  (subequal  in  width).  The 
transverse  processes  of  vertebrae  III-VI  and  IX  are  deflected  pos- 

teriorly, of  II  and  VIII  are  deflected  anteriorly,  and  of  VII  are 
perpendicular  to  the  sagittal  plane.  The  sacral  diapophyses  are  not 

dilated  (L/W  0.58-0.60).  The  sacrococcygeal  articulation  is  bicon- 
dylar.  The  coccyx  bears  flanges  along  the  anterior  one-third  of  its 
centrum  (Fig.  12)  similar  to  those  seen  in  Bufo  blombergi.  The 
anterior  end  of  the  coccygeal  neural  arch  is  conspicuously  inflated 

and  posterolateral  to  the  inflated  arch  are  large  spinal  nerve  fora- 
mina. More  posteriorly  one  finds  the  smaller  foramina  normally 

seen  on  the  coccyx.  No  prezygapophyses  or  transverse  processes  are 
borne  on  the  coccyx  (in  B.  macrostomus  short  transverse  processes 
are  found ) . 

The  pectoral  girdle  is  short,  broad,  and  arciferal.  The  omoster- 
num  is  long  and  narrow  and  lacks  a  manubrial  portion.  The  clavicles 
are  massive  and  strongly  curved;  their  massiveness  is  in  part  due  to 
ossification  of  the  procoracoidal  cartilages  posterior  to  the  clavicles. 
The  coracoids  are  less  broad  and  less  massive  than  the  clavicles. 

The  sternum  is  as  long  as  broad  (greatest  breadth),  gradually  broad- 
ening posteriorly,  is  notched  posteriorly,  and  bears  a  broad  endo- 

chondral ossification.  The  humerus  of  males  does  not  bear  enlarged 
cristae  medialis  and  lateralis. 

Insuetophrynus  acarpicus  Barrio 

Skull. — The  frontoparietals  are  paired,  not  fused  with  the  proot- 
ICS,  and  extensive.  A  narrow  frontoparietal  fontanelle  is  exposed 
(Fig.  11).  The  frontoparietals  rest  on  the  posterior  edge  of  the 
sphenethmoid  and  are  broadly  separated  from  the  nasals.  The 
nasal  bones  are  broad  and  short,  lie  anterolateral  to  the  calcified 

sphenethmoid,  are  broadly  separated,  and  do  not  contact  the  maxil- 
lae 

The  maxillary  arch  is  incomplete;  the  quadratojugal  is  absent. 

The  alary  processes  of  the  premaxillae  are  short  and  directed  antero- 
:       The  palatine  process  is  short  and  broad.  The  pars  palatina 
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is  narrow  except  where  it  broadens  into  the  palatine  process.  The 
premaxillae  are  relatively  narrow.  The  maxillae  bear  30-35  well- 
ankylosed  teeth  to  a  point  posterior  to  the  maxillopterygoid  articula- 

tion. The  pars  palatina  gradually  narrows  posterior  to  the  maxil- 
lopterygoid articulation.   No  pterygoid  process  is  developed. 

The  otoccipital  is  weakly  ossified.  The  epiotic  eminences  are 
low  and  the  crista  parotica  stocky.  The  plectrum  and  operculum  are 
present.  The  occipital  condyles  are  not  stalked  and  separated  me- 

dially. The  zygomatic  ramus  of  the  squamosal  is  moderately  long. 
The  otic  ramus  is  short  and  directed  medially  toward  the  crista 
parotica  but  does  not  overlap  the  crista  parotica. 

The  parasphenoid  is  cruciform;  the  cultriform  process  is  long 
and  extends  onto  the  sphenethmoid  but  does  not  reach  the  level 

of  the  palatines.  The  parasphenoid  alae  are  feebly  deflected  pos- 
teriorly. The  parasphenoid  bears  a  short  posterior  ramus  that  is 

weakly  emarginate. 
The  pterygoids  are  of  moderate  size.  The  anterior  ramus  rests 

on  the  maxilla  and  nearly  meets  the  palatines.  The  median  ramus 
is  relatively  long,  articulates  against  the  anterior  side  of  the  prootic. 
The  pterygoid  does  not  bear  a  ventral  flange. 

The  portion  of  the  skull  anterior  to  the  palatines  is  short  com- 
pared to  most  frogs.  The  palatines  are  nearly  straight,  thin,  and 

broad,  resting  on  the  maxilla  and  sphenethmoid.  The  palatines  lack 

an  anterior  flange.  The  prevomers  are  moderately  large,  entire,  well- 
separated,  and  bear  prominent  odontophores  lying  slightly  posteriad 

to  the  choanae.  The  odontophores  bear  6-7  well-ankylosed  teeth. 
Postcranial  skeleton. — The  vertebral  column  consists  of  eight 

procoelous  presacral  vertebrae;  the  cervical  and  second  vertebrae 
are  not  fused.  The  cotylar  facets  are  moderately  separated  (type 
II ) .  The  neural  arches  are  not  imbricate  ( comparable  to  the  state 

seen  in  A.  patagonicus)  and  lack  crests.  Vertebrae  II-IX  bear  trans- 
verse processes  and  lack  ribs.  The  transverse  processes  are  broadest 

on  vertebrae  II-V  and  narrow  on  vertebrae  VI-VIII;  the  transverse 

processes  are  deflected  anteriorly  on  vertebrae  II,  VII-VIII,  slightly 
posteriorly  on  III,  and  not  deflected  on  IV-VI.  The  width  of  the 
transverse  processes  are,  in  order  of  decreasing  widths,  IX,  III,  IV, 

II,  V,  and  VI-VIII. 
The  sacral  diapophyses  are  deflected  posteriorly  and  are  not 

dilated  (L/W  0.48-0.57).  The  sacrococcygeal  articulation  is  bi- 
condylar.  The  anterior  end  of  the  coccyx  is  not  inflated  and  does 

not  bear  transverse  processes  or  any  other  vertebra-like  form. 
The  ilium  lacks  a  crest.  The  dorsal  prominence  is  elongate  and 

about  twice  as  large  as  that  in  Atelognathiis. 

The  pectoral  girdle  is  functionally  firmisternal  but  has  free  epi- 
coracoid  horns.    The  omosternum  is  relatively  short  and  bears  a 
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dilated  manubrial  portion.  The  sternum  is  small  and  not  dilated 

posteriorly.  The  humerus  bears  a  normal-sized  crista  ventralis  and 
insignificant  cristoe  lateralis  and  mediate. 

Telmatobius 

My  earlier  account  of  Telmatobius  (Lynch,  1971)  included  data 
for  T.  marmoratus  and  T.  schreitcri  (or  T.  hauthali  schreiteri).  In 
cranial  morphology,  T.  barrioi,  T.  culeus,  and  T.  niger  agree  in  all 
respects  with  T.  marmoratus  and  T.  hauthali.  The  five  species  differ 

in  vertebral  morphology  in  that  the  transverse  processes  of  the  pre- 
sacral vertebrae  are  quite  broad  in  T.  culeus,  less  so  in  T.  marmora- 

tus. and  even  less  so  in  T.  barrioi,  T.  niger,  and  T.  hauthali  (Fig. 
13).  The  intrageneric  variation  seen  in  this  characteristic  renders 
the  characteristic  of  little  or  no  value  in  inferring  relationships. 
The  sacral  diapophyses  are  very  slightly  dilated  (L/W  values  are 

0.56-0.64  for  culeus,  0.56-0.59  for  marmoratus,  0.56-0.65  for  niger, 
and  0.65  for  hauthali ) . 

Comparing  the  pectoral  girdles  of  some  additional  species  to  my 

illustration  (Lynch,  1971:  60,  fig.  34B),  T.  barrioi  and  T.  marmora- 
tus have  even  less  inflation  of  the  omosternum  (in  each  it  narrows 

anteriorly)  whereas  T.  brevipes,  T.  culeus,  and  T.  niger  have  a 
slightly  greater  inflation  than  that  illustrated,  and  T.  sanborni  has 
considerably  greater  inflation  of  an  elongate  omosternum.  All  seven 
species  have  the  same  sternal  form  except  that  the  posterior  notch 
is  generally  less  pronounced. 

The  humerus  bears  enlarged  crests  in  T.  barrioi,  T.  marmoratus, 
and  T.  hauthali,  but  not  in  T.  brevipes,  T.  niger,  T.  sanborni,  or  T. 
vellardi. 

Telmatobufo  venustus  (Philippi) 

Skull. — The  frontoparietals  are  paired,  not  fused  with  the  proot- 
ics,  and  extensive,  nearly  meeting  along  the  midline  anteriorly  and 

sutured  posteriorly.  Anteriorly,  the  frontoparietals  rest  on  the  sphe- 
nethmoid;  posteriorly  they  broadly  rest  on  the  otoccipitals.  The 
occipital  artery  passes  through  a  roofed  canal  on  the  posterolateral 
edge  of  the  frontoparietals  (Fig.  14).  The  calcified  sphenethmoid 

ids  anterior  to  the  nasals  which  lie  anterolateral  to  the  spheneth- 
moid. are  broadly  separated,  and  comparatively  short.  The  nasals 

have  ; 1 1 1  elongate  maxillary  process  that  does  not  reach  the  maxilla. 
The  nas.ds  air  not  in  contact  with  the  frontoparietals. 

The  maxillary  arch  is  complete.   The  premaxillae  are  relatively 
narrow    and    hear    short,    poslei  odorsallv    directed    alary    processes. 

The  jxirs  palatina  is  narrow  except   medially  where  it  expands 
slightly  forming  short  palatine  processes.    The  premaxillary  teeth 

l-2>  are  long,  fang-like,  pedicellate,  and  well-ankylosed  to  the 
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Fig.  13. — Vertebral  columns  of  telmatobiine  frogs.  (A)  Telmatobius 
culeus,  KU  135684;  (B)  T.  hauthali,  KU  72879;  (C)  Abodes  gargola,  CHINM 
7082;  (D)  Batrachophrynus  brachydactylus,  SDSNH  46894;  (E)  Caudiver- 
hera  caudiverbera,  AMNH  51510;  and  (F)  Telmatobufo  venustus,  KU  159811. 
Lines  equal  5  mm. 

jaw.  The  pars  facialis  of  the  maxilla  is  moderately  deep  and  re- 

stricted to  the  nasal  region.  The  maxilla  bears  34-36  long,  pedicel- 
late, well-ankylosed  teeth  in  a  row  extending  to  the  level  of  the 

pterygoid  process.  The  pars  palatina  is  relatively  narrow  anterior 

and  broadens  into  a  pterygoid  process  posteriorly.  The  quadrato- 
jugal  is  of  moderate  size  and  broadly  articulates  with  the  maxilla. 

The  septomaxillae  are  moderate-sized  bones. 
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The  otoccipital  is  well  ossified  with  low  epiotic  eminences.  The 
cristae  paroticae  are  short  and  stocky.  An  operculum  (but  no 
plectrum )  is  present.  The  occipital  condyles  are  not  stalked  and  are 
in  median  contact.  The  zygomatic  ramus  of  the  squamosal  is  long 
and  curved.  The  otic  ramus  is  shorter,  turned  medially,  and  bears 
a  broad  otic  plate  which  overlays  the  crista  parotica. 

The  parasphenoid  is  triradiate.  The  cultriform  process  is  long 
and  extends  anteriorly  between  the  prevomerine  odontophores.  The 
parasphenoid  alae  are  oriented  at  right  angles  to  the  cultriform 
process.  Posteromedially,  the  parasphenoid  is  emarginate  or  notched. 

The  pterygoids  are  relatively  small  but  massive.  The  anterior 
ramus  articulates  with  the  pterygoid  process  of  the  maxilla  as  well 
as  overlays  the  pars  palatina  of  the  maxilla  and  nearly  contacts  the 
palatine.  The  median  ramus  is  short  but  firmly  articulates  with  and 
overlaps  the  parasphenoid  ala  as  well  as  resting  against  the  anterior 
face  of  the  prootic.  The  pterygoid  does  not  bear  a  ventral  flange. 

The  skull  anterior  to  the  palatines  is  not  especially  short  as  in 

Insuetophrynus.  The  palatines  are  broad,  extending  from  the  max- 
illa onto  the  edges  of  the  sphenethmoid.  The  palatines  are  nearly 

straight,  thin,  and  bear  an  anterior  flange.  The  prevomers  are  rela- 
tively small,  entire,  broadly  separated,  and  bear  prominent  odonto- 

phores between  the  choanae.  The  odontophores  bear  7-8  long, 
fang-like  teeth  in  a  transverse  row. 

Ik;.  14, — Skull  of  Tclmatobujo  vcnustus  (KU  159811).   Line  equals  5  mm. 
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Vertebral  column. — The  cervical  and  second  vertebrae  are  fused; 
the  column  consists  of  eight  procoelous,  presacral  vertebrae  (only 
seven  elements).  The  cervical  cotyles  are  narrowly  separated.  The 

neural  arches  are  nearly  completely  imbricate  and  bear  low,  ridge- 
like crests.  Vertebrae  II-IX  bear  transverse  processes  without  ribs. 

The  transverse  processes  are  broadest  on  vertebrae  II-IV,  narrowest 
on  V-VIII;  all  are  narrower  than  those  of  the  sacrum.  The  sacral 
diapophyses  are  broadly  dilated  (L/W  =  1.13-1.17).  The  sacro- 

coccygeal articulation  is  bicondylar.  The  anterior  end  of  the  coccyx 
bears  some  vertebral  form.  Short  transverse  processes  are  present 
as  are  two  pairs  of  spinal  nerve  foramina;  the  anterior  end  of  the 
coccyx  is  slightly  inflated  (Fig.  13).  The  posterior  edge  of  the 
neural  arch  of  the  sacrum  bears  a  shelf  covering  part  of  the  gap 
between  the  sacrum  and  coccygeal  neural  arch. 

Taxonomic  note. — As  Donoso-Barros  (1972)  pointed  out,  Phi- 

lippi's  Bufo  venustus  is  conspecific  with  Schmidt's  Telmatobufo  bul- 
locki;  the  correct  combination  is  Telmatobufo  venustus,  not  Aruncus 

venustus  as  suggested  by  Donoso-Barros.  Donoso-Barros  also  sug- 
gested that  Aruncus  valdivianus  Philippi  was  an  earlier  name  for 

Telmatobufo  australis  Formas  but  his  argument  is  untenable  for  the 

reasons  given  by  Lynch  (1971)  in  refutation  of  Gallardo's  (1965) 
parallel  proposal. 

Analysis  of  Characteristics 

Certain  characteristics  (while  often  cited)  are  of  little  value  in 
demonstrating  relationships.  These  are  characteristics  having  one 

or  more  unique  character-states.  As  used  here,  unique  states  are 

those  found  in  only  one  taxon  ("singleton  characteristics"  of  Le- 
Quesne,  1975).  Such  unique  states  are  quite  distinct  from  character 
states  termed  unique  by  Wilson  (1965),  Inger  (1967),  or  LeQuesne 
(1972,  1975).  In  the  group  under  discussion  unique  traits  include 
the  following: 

Caudiverbera:  Casquing  of  the  skull;  contact  between  fronto- 
parietals and  nasals;  broad  parietal-squamosal  contact. 

Telmatobufo:  Fusion  of  first  two  vertebrae;  sucker-like,  ventral 
mouth  of  tadpole. 

Insuetophrynus:  Functionally  firmisternal  pectoral  girdle;  very 
small  sternum. 

Thoropa:  Elongate,  stream-adapted  tadpoles. 

Batrachophrynus:  Greatly  reduced  prevomers;  edentulous  pre- 
maxillae,  maxillae,  and  prevomers;  coccygeal  flanges. 

Hylorina:  Long  digits. 
Atelognathus:  Narrow  palatine  bones. 

Each  of  the  traits  listed  above  demonstrates  the  distinctiveness 
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of  the  genus  they  characterize  but  does  not  contribute  data  to  an 
exercise  devoted  to  examining  similarities. 

Nineteen  other  characteristics  are  judged  to  be  useful  in  assess- 
ing relationships.  Each  characteristic  is  a  discontinuous  variable 

and  is  partitioned  into  character-states.  The  character-states  are 
then  identified  as  primitive  and  derived  implying  evolutionary 
direction.  The  method  of  establishing  evolutionary  direction  is  that 
used  by  Tihen  (1965)  and  Lynch  (1973,  1975a,  1975b). 

For  the  purposes  of  analysis,  the  following  putative  genera  were 
recognized:  (species  studied  follow  in  parentheses).  Alsodes  (A. 
gargola,  A.  montanus,  A.  monticola,  A.  nodosus,  A.  vanzolinii), 

Atelognathus  (A.  nitoi,  A.  patagonicus,  A.  praebasalticus,  A.  rever- 
hcrii,  A.  solitarius),  Batrachophrynus  (B.  brachydactylus,  B.  macro- 
stomus),  Batrachyla  (B.  leptopus,  B.  taeniata),  Caudiverbera  (C. 
caudiverbcra),  Eupsophus  (E.  roseus,  E.  vertebralis),  Hylorina  (H. 

sylvatica),  Insuetophrymis  (I.  acarpicus),  Somuncuria  (S.  somun- 
curensis),  Tehnatobius  (T.  barrioi,  T.  brevipes,  T.  culeus,  T.  hau- 
thali,  T.  marmoratus,  T.  niger),  Telmatobufo  (T.  venustus),  and 
Thoropa  (T.  lutzi,  T.  miliaris,  T.  petropolitana) . 

Of  the  twenty-three  characteristics  discussed  below,  four  are 
rejected  as  inadequate  in  assessing  relationships.  The  characteristics 
are  numbered  in  the  same  order  as  they  appear  in  the  data  matrix 

(Table  1)  and  on  the  cladograms  (Figs.  16-17). 

1.  Maxillary  arch. — Two  character-states  are  recognized  here — 
a  primitive  condition  in  which  the  maxillary  arch  is  complete  ( quad- 
ratojugal  present)  and  a  derived  state  in  which  the  quadratojugal 
is  lost.  The  derived  state  is  present  in  Atelognathus,  Batrachyla, 
Hylorina,  Insuetophrymis,  and  Somuncuria. 

2.  Nasal  bones. — The  nasal  bones  are  large  and  in  broad  median 
contact  in  Atelognathus,  Batrachophrynus,  and  Caudiverbera  (Fig. 

2).  This  condition  is  taken  as  primitive  following  Tihen's  (1965) 
reasoning.  In  Somuncuria  (Fig.  2),  the  nasals  are  small  and  tenu- 

ously in  median  contact,  whereas  the  bones  are  small  and  widely 

separated  in  the  other  genera  (Figs.  11,  14).  The  character-states 
seen  in  Somuncuria  and  the  other  genera  are  combined  into  a  single 
derived  state. 

3.  Exposure  of  frontoparietal  fontanelle. — In  two  taxa,  Caudi- 
i  erbera  and  Telmatobufo,  the  frontoparietals  are  complete  covering 
the  frontoparietal  fontanelles.  In  all  other  taxa,  the  frontoparietals 
exhibil  appreciable  separation  medially  exposing  some  expanse 
termed  a  fontanelle.  The  exposure  is  narrow  in  Insuetophrymis  and 

I  have  termed  the  character-state  as  non-exposed.  In  all  others 
there  is  at  least  a  broader  exposure  anteriorly  than  posteriorly.  In 
part,  exposure  ol  a  fontanelle  is  a  function  of  size  in  that  younger, 
and  smaller,  individuals  have  a  greater  exposure  of  the  fontanelle 
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Table  1. — Data  Matrix  for  Lower  Telmatobhne  Leptodactylids 
and  Plenrodema. 

OTU  Code1  Characteristics2 

12345678    910  1112  13  14  1516  1718  19 

ALSO     0110-10-1010011000111 
ATEL    1010-10-1110011110110 
BNUS     0010-10-1001000100110 
BYLA     111010011-1111001110 
CAUD     0001011001001000000 
EUPS     0110-11000-1011000110 
HYLO     111000-100-1011000010 
INSU    .    1100-10-101-1011010111 
LIMN    01101000100110-10010 
TBUS     0110-10-1010011100110 
TBUF    0101011001000000000 
THOR     011010001-11111-11110 
SOMU     1100101110011100110 
PLEU     1100000110111100110 

1  See  legend  for  Fig.  16  (page  40). 

2  See  text,  p.  28  ff. 

than  do  older  and  larger  examples.  As  a  general  corollary  adult 

males  have  a  more  extensive  f ontanelle  than  do  adult  females  ( inas- 
much as  the  latter  are  larger  than  the  former).  Hence,  comparisons 

using  specimens  of  different  sizes  and  sexes  may  yield  spurious 
results.  Only  the  species  of  Atelognathus  can  be  described  as  having 
extensive  frontoparietal  fontanelles.  The  fontanelles  illustrated  by 

Lynch  (1971)  for  Batrachyla,  Hylorina,  and  Thoropa,  while  exten- 
sive, are  of  a  much  lesser  magnitude.  Partly  because  of  the  sexual 

and  size-related  variation  in  this  characteristic,  I  have  partitioned 
it  into  only  two  character-states.  The  primitive  character-state  is 
the  lack  of  an  exposed  fontanelle  and  is  present  in  only  three  of  the 
genera  (Caudiverbera,  Insuetophrynus,  and  Telmatobufo) . 

4.  Canal  for  occipital  artery. — In  most  frogs,  the  occipital  artery 
passes  dorsally  over  the  posterolateral  corner  of  the  frontoparietal. 
In  a  number  of  bufonid  and  leptodactylid  frogs  the  occipital  artery 

lies  in  a  groove  or  in  an  enclosed  canal.  In  Caudiverbera  and  Tel- 
matobufo, the  occipital  artery  is  enclosed  in  a  bony  canal.  None  of 

the  other  species  has  any  suggestion  of  such  a  feature.  The  presence 
of  the  enclosed  canal  is  considered  to  be  derived. 

5.  Otic  element  and  otic  ramus  of  squamosal. — Caudiverbera 
exhibits  the  most  marked  otic  element  with  the  medial  extension 

of  the  otic  ramus  of  the  squamosal  to  articulate  with  the  parietals. 
No  other  genus  of  telmatobiines  approaches  this  condition.  The 

otic  ramus  of  the  squamosal  has  a  small  otic  plate  and  curves  me- 
dially in  Hylorina  and  Telmatobufo.   Batrachyla  has  a  narrow  otic 
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plate  but  the  otic  ramus  is  not  deflected  medially.  In  Batracho- 
phrynus  the  otic  ramus  is  nearly  obsolete  but  a  small  otic  plate  is 
developed.  In  the  other  six  genera  no  otic  plate  is  in  evidence 
although  the  otic  ramus  of  the  squamosal  is  curved  medially  in  all 
but  Thoropa. 

Partitioning  this  characteristic  is  made  more  difficult  by  the  lack 
of  comparability  between  Caudiverbera  and  the  other  genera.  The 
development  of  a  temporal  arcade  in  Caudiverbera  has  obliterated 

any  medial  curvature  of  the  otic  ramus  of  the  squamosal;  further- 
more, the  length  of  the  otic  ramus  in  Caudiverbera  may  be  partially 

distorted  by  the  casquing  of  the  skull.  The  otic  ramus  is  not  de- 
flected medially  in  Batrachyla  or  Thoropa;  both  also  have  otic  rami 

that  are  relatively  long. 

A  solution  might  be  to  consider  the  characteristic  as  two  char- 
acteristics— the  development  of  an  otic  plate  as  one  trait  and  medial 

deflection  or  curvature  of  the  otic  ramus  as  a  second  trait.  Such  a 

partitioning  is  difficult  for  two  reasons:  the  casquing  in  Caudiver- 
bera and  the  absence  of  an  otic  ramus  in  Batrachophrynus.  The 

latter  difficulty  could  be  resolved  by  considering  the  otic  plate-  in 
Batrachophrynus  to  be  a  homologue  of  the  medially  deflected  otic 
ramus  such  as  seen  in  Abodes,  Eupsophus,  or  Telmatobius. 

Although  not  entirely  satisfactory,  I  have  treated  this  character- 
complex  as  a  single  characteristic  and  have  divided  it  into  three 

character-states.  The  primitive  character-state  is  that  in  which  the 
otic  ramus  is  medially  deflected  and  an  otic  plate  is  developed;  in 

spite  of  the  objections  given  above,  I  have  characterized  Caudiver- 
bera, as  well  as  Hylorina  and  Telmatobufo,  as  exhibiting  this  char- 

acter-state. The  other  two  character-states  are  considered  inde- 
pendently derived;  one  in  which  the  otic  ramus  is  long  and  straight 

(Batrachyla  and  Thoropa)  and  a  second  in  which  the  otic  ramus  is 
short  and  curved  medially  (other  six  genera). 

6.  Pars  palatina  of  premaxilla. — Medially,  a  palatine  process  is 
developed  on  the  pars  palatina  of  the  premaxilla.  In  Batrachophry- 

nus and  Caudiverbera,  the  pars  palatina  is  long;  the  element  is 
slightly  shorter  in  Eupsophus  and  Telmatobufo  and  is  markedly 
shorter  in  all  oilier  genera.    A  short  pars  palatina  is  considered  to  be 
primitive  and  a  lengthened  element,  derived.  1  have  not  considered 

the  difference  in  length  between  that  of  Batrachophrynus  and  Tel- 
matobufo  sufficient  to  warrant  recognition  of  three  character-states. 

7.  Pterygoid  process  of  the  maxilla. — Although  the  pars  palatina 
Of  the  maxilla  narrows  percept  ibly  posterior  to  the  end  of  the  maxil- 

lopterygoid  [unction  in  all  species  examined,  only  some  species  have 
an   increase  in  breadth  of  the  jxirs  jxilalinti  anterior  to  the  end  of 

the  tnaxillopterygoid  [unction.  \  narrow  pterygoid  process  is  de- 
velop* ,|  j,,  Batrachyla,  Eupsophus,  and  Thoropa   (see  figures  in 
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Lynch,  1971).  In  Caudiverbera  and  Telmatobufo  a  much  wider 
process  is  developed,  and  a  broad  ventral  suture  develops  between 
the  process  and  the  pterygoid.  In  the  other  six  genera  the  maxilla 
tapers  gradually  or  rather  abruptly  but  no  process  is  developed. 
The  strengthened  maxillopterygoid  junction  in  Caudiverbera  and 
Telmatobufo  is  considered  to  be  derived,  as  is  the  absence  of  a 
pterygoid  process. 

8.  Maxillopterygoid  overlap. — The  anterior  ramus  of  the  ptery- 
goid rests  on  the  dorsal  surface  of  the  palatal  shelf  of  the  maxilla. 

In  Atelognathus  and  Batrachyla  the  anterior  end  of  the  pterygoid 

extends  anteriorly  to  about  mid-orbit;  in  Eupsophus  and  Hylorina  it 
extends  considerably  more  anteriad  and  perceptibly  less  than  in 

Abodes,  Batrachophrynus,  Caudiverbera,  Insuetophrynus,  Telmato- 
bius,  Telmatobufo,  and  Thoropa.  I  have  recognized  only  two  char- 

acter-states; a  derived  condition  for  Atelognathus  and  Batrachyla, 
and  a  primitive  condition  in  the  other  nine  genera. 

9.  Articulation  of  median  ramus  of  pterygoid. — The  median 
ramus  of  the  pterygoid  articulates  against  the  anteroventral  surface 
of  the  prootic  and  may  or  may  not  contact  the  anterolateral  edge  of 

the  parasphenoid  ala.  The  character-state  in  which  the  pterygoid 
and  parasphenoid  are  in  contact  (Batrachophrynus,  Caudiverbera, 
Eupsophus,  Hylorina,  and  Telmatobufo)  is  coded  primitive;  that 
seen  in  the  other  six  genera  is  derived. 

10.  Length  of  cultriform  process  of  parasphenoid. — The  anterior 
ramus  of  the  parasphenoid  (cultiform  process)  is  very  long  in 
Caudiverbera  and  Telmatobufo;  in  each  the  tip  separates  both  the 

palatines  and  prevomers.  The  element  is  nearly  as  long  in  Ba- 
trachophrynus. In  Alsodes,  Atelognathus,  and  Telmatobius,  the 

cultriform  process  is  noticeably  shorter  but  much  longer  than  that 
in  Batrachyla,  Eupsophus,  Hylorina,  Insuetophrynus,  and  Thoropa. 
The  greatest  morphological  hiatus  is  between  the  second  and  third 

groups,  but  I  have  separated  the  characteristic  into  three  character- 
states.  The  first  and  third  are  treated  as  equally  and  independently 
derived  from  the  second. 

11.  Separation  of  occipital  condyles  and  intercotylar  separation. 
— The  occipital  condyles  are  not  stalked  and  narrowly  separated  in 
all  but  two  genera,  Batrachyla  and  Thoropa.  In  both,  the  occipital 

condyles,  while  not  as  markedly  stalked  as  seen  in  eleutherodacty- 
line  telmatobiines,  are  feebly  stalked  and  very  widely  separated. 
In  the  other  nine  genera,  the  occipital  condyles  are  more  closely 
juxtaposed.  The  more  lateral  position  of  the  occipital  condyles  in 

Batrachyla  and  Thoropa  is  reflected  in  their  widely  separated  cervi- 
cal cotyles  (type  I  of  Lynch,  1971,  concave  atlas  of  Gallardo,  1961, 

1965).  In  Caudiverbera  and  Telmatobufo  the  occipital  condyles 
are  nearly  confluent  and  the  cervical  cotyles  are  narrowly  separated 
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type  II  of  Lynch,  1971;  convex  atlas  of  Gallardo,  1961,  1965).  In 

Alsodes,  Atelognathus,  Batrachophrynus,  Eupsophus,  Hylorina,  In- 
suetophrynus, and  Telnwtobius  die  condyles  (and  cervical  cotyles) 

are  somewhat  more  separated  and  may  approach  the  condition  de- 
scribed as  type  I  ( see  Figs.  4  and  13 ) .  Barrio  ( 1970 )  characterized 

the  atlas  of  Insuetophrynus  as  concave  (type  I)  but  his  illustrations 

and  my  specimens  require  a  characterization  as  type  II.  The  primi- 
tive condition  is  type  II,  the  derived  condition,  type  I. 

12.  Neurol  arches. — The  neural  arches  are  completely  imbricate 
in  Caudiverbera  and  Telmatobufo  (Fig.  13);  the  arches  are  imbri- 

cate on  the  anterior  half  of  the  vertebral  column  and  non-imbricate 
on  the  posterior  half  in  Batrachophrynus.  In  the  other  eight  genera, 

the  neural  arches  are  uniformly  non-imbricate  (Figs.  5,  6,  13). 
Imbricate  arches  are  coded  as  primitive  (following  Tihen,  1965, 

but  not  Trueb,  1973)  and  non-imbricate  arches  as  derived. 

13.  Coccyx. — Four  species  exhibit  some  vertebral  form  on  the 
anterior  end  of  the  coccyx  (Alsodes  montanus,  Batrachophrynus 
brachydactylus,  B.  macrostomus,  and  Telmatobufo  venustus)  but 

only  Batrachophrynus  and  Telmatobufo  have  inflated,  neural-arch 
like  anterior  ends  of  the  coccyges.  The  short  transverse  processes 
seen  in  Alsodes  montanus  are  similar  to  those  of  Discoglossus, 
whereas  the  modifications  of  the.  anterior  end  of  the  coccyx  in 

Batrachophrynus  and  Telmatobufo  more  closely  resemble  the  condi- 
tion seen  in  Mertensophryne,  in  which  vertebral  reduction  is 

achieved  via  deletion  through  the  sacrum.  If  the  condition  seen  in 

Batrachophrynus  and  Telmatobufo  reflects  a  recent  vertebral  dele- 
tion, we  would  have  an  enigmatic  situation  inasmuch  as  both  have 

eight  presacral  vertebrae,  the  primitive  number  found  in  all  non- 
lciopelmatid  frogs,  because  one  must  argue  that  the  ancestor(s) 
of  Batrachophrynus  and  Telmatobufo  had  nine  presacrals. 

I  have  coded  the  presence  of  marked  vertebral-like  modifications 
of  the  anterior  end  of  the  sacrum  ( inflated  neural  arch,  large  spinal 
nerve  foramina)  as  primitive  and  the  absence  of  such  modifications 
as  derived. 

14.  Omosternum. — All  eleven  genera  have  cartilaginous  omo- 
sterna  and  lack  endochondral  ossifications  within  the  element.  In 

comparing  the  omosterna,  some  obvious  variations  occur.  The 

Omosterna  of  Caudiverbera  and  Telmatobufo  are  short,  broad  struc- 
tures (  Fig.  15);  iii  Alsodes  (lie  iiiauubrial  portion  ol  the  omosternum 

is  more  clearly  defined  (Fig.  L5);  in  Batrackyla,  Eupsophus,  Hy- 
lorina and  Insuetophrynus,  the  omosterna  are  slightly  longer  and 

the  manubrial  portion  equally  well-defined  or  slightly  more  clearly 
defined.    The  omosterna  are  much  more  elongate  in  Atelognathus, 
Batrachophrynus,  Teltnatobius,  and  Thoropa  (Figs.  8  and  15).  No 
manubrium  is  developed  in  Atelognathus,  Batrachophrynus,  and 
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Fig.  15. — Ventral  views  of  pectoral  girdles  of  telmatobiine  frogs.  (A) 
Eupsophus  roseus,  KU  160566;  (B)  Batrachyla  leptopus,  KU  125371;  (C)  B. 
taeniata,  KU  124242;  (D)  Insiietaphrynus  acarpicus,  CHINM  6907;  (E) 
Hylorina  sylvatica,  KU  154546;  (F)  Telmatobius  hrcvipes,  KU  131691;  (G) 
Thoropa  miliaris,  KU  92853;  (H)  Batrachophrynus  brachydactylus,  SDSNH 
46894;  (I)  Abodes  gargola,  CHINM  7082;  (J)  A.  montanus,  IBA-UNC 
1646/4;  and  (K)  A.  vanzolinii,  KU  162206. 
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some  Telmatobius  (barrioi  and  marmoratus).  An  ill-defined  manu- 
brium is  developed  in  the  other  Telmatobius  studied  (brevipes, 

culciis.  niger,  sanborni,  and  schneiteri)  as  well  as  in  T.  halli  and 

T.  peruvianus  (Cei,  1962)  and  in  the  three  species  of  Thoropa.  I 
consider  the  elongate  omosternum  to  be  a  derived  state,  because 
such  a  form  would  allow  a  more  complex  site  of  muscle  attachment. 

15.  Sternum. — All  taxa  in  this  complex  have  sterna,  but  the 
sternum  is  markedly  reduced  in  size  in  Insuetophrynus  (Barrio, 

1970).  Endochondral  ossifications  were  noted  in  Alsodes,  Batracho- 
phrynus,  Caudiccrbera,  Hylorina,  Telmatobius,  and  Thoropa  mi- 

liar is.  These  ossifications  are  irregular  in  shape  and  in  occurrence 
(most  frequent  in  large  individuals)  and  are  completely  enclosed 

by  cartilage.  Such  ossifications  represent  an  advanced  character- 
state  over  completely  cartilaginous  sterna  and  may  be  ancestral  to 

the  character-state(s)  where  the  ossifications  form  styles  and  are 
not  enclosed  by  cartilage.  In  my  previous  study  of  Neotropical 
leptodactylids  (Lynch,  1971)  I  treated  the  sternum  as  exhibiting 

only  two  character-states  (viz.,  a  primitive  state  in  which  the 

element  was  cartilaginous  with  or  without  calcifications;  and  a"de- 
rived  state  in  which  the  element  was  more  complex  having  a  bony 
style  as  well  as  a  cartilaginous  portion,  the  xiphisternum  auctorum) . 
Heyer  (1975)  argued  that  my  treatment  of  the  sternum  was  an 
oversimplification  and  used  both  shape  and  internal  ossifications  to 

partition  the  character  into  five  character-states. 
The  most  common  sternal  shape  ( state  A )  among  the  27  species 

for  which  I  have  data  is  one  in  which  the  sternum  broadens  pos- 
teriorly (Fig.  151).  No  obvious  identations  allow  the  recognition 

of  separate  metasternum  and  xiphisternum.  The  posterior  edge  is 

generally  weakly  indented.  This  character-state  is  evident  in  Al- 
sodes  (gargola,  montanus),  Batrachophrynus,  Batrachyla  (lepto- 
vus),  Caudiverbera,  Telmatobius  (7  sp.  examined),  and  Telmato- 
bufo.  A  second  character-state  (state  B)  is  one  in  which  the  sides 
of  the  sternum  gradually  narrow  (over  the  anterior  %  to  %  of  the 
sternum)  and  then  are  markedly  inflated  (Fig.  15C  and  E).  In  this 

character-state  one  can  easily  imagine  metastcrnal  and  xiphisternal 
portions  of  the  sternum.  Taxa  exhibiting  this  character-state  in- 

clude Alsodes  (nodosus),  Batrachyla  (laciiiala).  Kupsophus  (ro- 
seus,  vertebralis).  and  Hylorina.  In  Aielognathus  (5  sp.)  and 
Insuetophrynus  the  margins  of  the  sternum  arc  parallel  and  there 
is  no  posterior  inflation  of  the  element  (Fig.  8,  15D).  I  have 
grouped  these  two  taxa  as  state  C  even  though  the  sternum  of 
Insuetophrynus  is  very  much  shorter  than  that  of  Aielognathus.  The 
it<  i  nun]  of  Thoropa  is  style-like  in  shape  as  noted  by  Heyer  (1975); 
it  gradually  narrows,  lacks  the  inflated  xiphisternal  portion,  and 
is  deeply  indented.  The  sternum  of  Thoropa  (Fig.  15G)  resembles 
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those  grouped  as  state  B  in  that  it  gradually  narrows;  it  resembles 

those  of  state  C  in  that  no  xiphisternal  portion  is  developed.  Ac- 
cordingly, I  consider  the  sternal  apparatus  of  Thoropa  to  represent 

a  fourth  state  ( D ) . 

Two  genera  have  species  exhibiting  two  character-states.  Two 

species  of  Abodes  exhibit  state  A  and  another  state  B.  Cei's  (1962) 
figures  suggest  that  A.  monticola  exhibits  state  B.  One  species  of 
Batrachyla  exhibits  state  A  and  another  state  B.  Inasmuch  as  the 
posterior  edge  of  the  sternum  in  state  A  and  state  B  are  quite  broad, 
these  may  be  functionally  identical.  If  the  characteristic  is  to  be 
used,  each  OTU  must  exhibit  a  single  state;  accordingly,  state  A 
and  state  B  are  combined  as  the  primitive  character-state;  states  C 
and  D  are  considered  independently  derived. 

16.  Terminal  phalanges. — The  terminal  phalanges  are  knobbed 
in  9  of  the  eleven  genera;  the  knobbed  condition  is  coded  as  primi- 

tive. The  terminal  phalanges  are  T-shaped  in  Batrachyla  and 
Thoropa;  the  T-shaped  condition  is  coded  as  derived. 

17.  Pupil  shape. — In  the  Patagonian  telmatobiines,  the  pupil 
is  either  a  vertical  slit  (primitive  character-state:  Caudwerbera, 
Hylorina,  and  Telmatobufo )  or  a  horizontal  slit  ( derived  character- 
state:  other  eight  genera) . 

18.  Outer  metatarsal  tubercle. — Caudwerbera  and  Telmatobufo 
differ  from  the  other  nine  genera  in  lacking  an  outer  metatarsal  tu- 

bercle. The  presence  of  an  outer  metatarsal  tubercle  is  considered 
derived. 

19.  Nuptial  armature. — Males  of  all  species  for  which  adults 
are  known  have  spiny  excrescences  on  the  thumb.  The  excrescences 
are  fine  in  most  species  and  more  coarse  in  others  (Schmidt,  1954; 
Cei,  1962).  Small  horny  spinules  develop  on  the  chest,  limbs,  and 
sometimes  on  the  skin  of  the  flanks  and  back  in  several  Telmatobius 

(Vellard,  1951).  The  most  impressive  variation  is  seen  in  adult 
males  of  Alsodes  and  Insuetophrynus  where  patches  of  large  spines 
occur  on  the  chest  (see  illustrations  by  Barrio,  1970;  Cei,  1962; 

Cei  and  Roig,  1965;  and  Gallardo,  1970).  A  few  species  of  Telmato- 
bius have  similar  nuptial  excrescences  on  the  chest,  but  the  spines 

are  small  and  do  not  form  discrete  patches.  The  presence  of  dis- 
crete pectoral  patches  is  coded  as  derived;  their  absence  as  primi- 

tive. 

The  remaining  characteristics  have  been  widely  used  in  the 

study  of  leptodactylids  but  must  be  rejected  for  purposes  of  infer- 
ring relationships  because  either  variation  is  continuous  (21,  22) 

or  there  is  intra-OTU  variation  in  the  states  (20,  23).  State  C  of 
trait  15  occurs  in  a  single  OTU  and  does  not  yield  information; 
trait  15  is  used  in  the  analysis  but  the  evolutionary  step  required 
to  convert  A  to  C  is  non-informational. 
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20.  Development  of  car. — Although  Grandison  (1961)  provided 
a  clear  cautioning  relative  to  the  appropriateness  of  this  character- 

istic, it  has  continued  to  be  cited  in  generic  diagnoses  as  a  major 

characteristic  (Gallardo,  1970;  Barrio,  1970).  In  many  of  the  Pata- 
gonian  telmatobiines  the  ear  is  reduced  by  covering  the  tympanum 
and  annulus  with  skin,  reduction  of  the  annulus  and  tympanum, 
loss  of  those  elements  and  the  cavum  tympanicum,  and  loss  of  those 
elements  as  well  as  the  plectrum.  The  last  and  most  extreme  condi- 

tion is  exhibited  by  Alsodes  gargola,  A.  montanus,  and  A  monticola, 

whereas  A.  nodosus  has  a  complete,  albeit  concealed,  ear  (Grandi- 
son, 1961).  All  Atelognathus  have  lost  the  tympanum,  tympanic 

annulus,  cavum  tympanicum,  and  plectrum,  as  have  Telmatobufo 
and  several  species  of  Telmatobius.  The  ear  is  concealed  in  many 
other  Telmatobius  and  visible  in  T.  cinereus.  The  tympanum  is  visi- 

ble externally  in  Batrachyla,  Caudiverbera,  Eupsophus,  Hylorina, 
and  Thoropa,  concealed  in  Insuetophrynus,  and  greatly  reduced 
and  concealed  in  Batrachophrynus. 

The  intrageneric  variability  of  this  characteristic  in  Alsodes  and 
in  Telmatobius  is  the  most  conclusive  reason  for  rejecting  it  as  a 

basis  for  generic  distinctions  as  well  as  for  demonstrating  relation- 
ships. Within  this  complex  of  frogs  the  limitations  of  the  character- 

istic are  to  discussing  the  distinctions  of  and  relationships  of  species 
within  a  genus. 

21.  Transverse  processes  of  vertebrae  V-VIII. — Within  the  com- 
plex of  frogs  under  discussion  there  is  considerable  variation  in  the 

breadth  and  orientation  of  the  transverse  processes  of  vertebrae 

Y-YIII  (posterior  presacral  vertebrae  of  Lynch,  1971,  1973);  the 
greatest  difference  is  between  Atelognathus  reverberii  (Fig.  6)  and 
Batrachophrynus  bracliydactylus  (Fig.  13).  Most  species  exhibit  an 
intermediate  condition  of  slightly  narrowed  transverse  processes. 

Broad  transverse  processes  (nearly  as  broad  as  the  sacral  dia- 
pophyses — 90%)  occur  in  Batrachophrynus.  Batrachyla,  Telmato- 

bius culcus  (Fig.  13),  T.  marmoratus,  and  Thoropa  have  only 
slightly  narrower  transverse  processes  (ca.  80%  of  sacral  diapophyses 

width).  The  transverse  processes  gradually  narrow  in  Caudiver- 
bera;  only  those  of  VIII  are  appreciably  narrower  than  the  sacral 

diapophyses  (  Fig.  13). 

The  transverse   processes  are  narrower   (58-65%)    in  Alsodes, 
Eupsophus,  and  Telmatobius   (niger  and  sehreileri) ;  these  species 
have  approximately  the  same  degree  <>l  narrowness  oJ  the  transverse 
processes  as  seen  in  most  Atelognathus  (nitoi,  patagonicus,  praeba- 
salticus,  and  solitarius).  The  transverse  processes  are  relatively  nar- 

row  (46  52%)   in  Insuetophrynus  and  Telmatobufo.    The  transverse 
processes  are  obsolete  in  Atelognathus  reverberi. 

intrageneric  variation  in  Atelognathus  and  Telmatobius  suggests 
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that  this  characteristic  is  of  little  value.  Telmatobius  culeus  is  a 

markedly  aquatic  species  and  approaches  the  vertebral  form  of 
Batrachophrynus,  an  aquatic  genus;  narrower  transverse  processes 
are  found  in  the  less  aquatic  species  of  Telmatobius.  However, 
broad  processes  should  not  be  viewed  as  an  aquatic  adaptation  in 
view  of  the  narrow  processes  in  the  markedly  aquatic  species 

Atelognathus  patagonicus  and  Xeriopus  as  well  as  the  broad  proc- 
esses in  the  many  relatively  terrestrial  Eleutherodactylus  and  Lep- 

todactylus.  Atelognathus  solitarius  has  narrow  transverse  processes 

(comparable  to  A.  patagonicus)  and  is  evidently  relatively  terres- 
trial (Cei,  1970a). 

22.  Dilation  of  sacral  diapophyses. — Few  Neotropical  leptodac- 
tylids  have  dilated  sacral  diapophyses  such  as  are  seen  in  some 

Australian  leptodactyloids  and  most  bufonids.  The  Patagonian  lepto- 
dactylids  are  often  characterized  as  having  weakly  dilated  dia- 

pophyses, a  character-state  suggesting  intermediacy  between  di- 
lated and  rounded  (characterizing  most  Neotropical  taxa).  Without 

quantification,  the  three  verbalized  character-states  seem  discrete. 
In  order  to  quantify  the  trait  I  have  used  two  ratios  to  describe  the 
degree  of  dilation.  The  first  is  the  length  (greatest  anteroposterior 

measurement — near  lateral  edge  of  diapophysis)  divided  by  the 
breadth  (a  point  on  a  line  connecting  the  lateral  base  of  the  pre- 
zygapophysis  and  the  lateral  edge  of  the  sacral  condyle  to  the  tip 
of  the  diapophysis,  at  midpoint)  as  a  measure  of  sacral  dilation. 
For  most  species  I  have  measured  only  a  single  specimen  ( right  and 

left ) .  Although  some  taxa  are  very  readily  distinguished  ( Batracho- 
phrynus and  Insuetophrynus — 0.48-0.60  compared  to  Caudiverbera 

and  Telmatobufo — 1.00-1.17),  most  taxa  exhibit  intermediate  val- 
ues. Within  Atelognathus  values  range  from  0.64-0.96  suggesting 

that  the  L/D  ratio  is  a  continuous  variable.  The  L/D  ratio  is  useful 

only  if  the  widths  of  the  sacral  diapophyses  are  proportionately- 
equal. 

As  an  alternative,  I  measured  the  greatest  length  (L  above)  of 
the  diapophysis  as  well  as  the  least  length  to  produce  a  GL/LL 
ratio.  This  ratio  is  independent  of  diapophysis  width  and  may  more 

closely  approximate  what  many  of  us  have  attempted  to  describe  us- 

ing such  epithets  as  "narrow,"  "rounded,"  "somewhat  dilated,"  etc.  I 
have  data  for  21  species.  The  smallest  GL/LL  ratio  is  seen  in 
Batrachophrynus  macrostomus  (1.15),  the  largest  in  Telmatobufo 

venustus  (2.54).  These  two  species  exemplify  the  character-states 

described  as  "rounded  or  narrow"  and  "dilated  or  expanded."  On 
the  basis  of  these  21  taxa,  the  GL/LL  ratio  is  a  continuous  variable. 
The  extremes  are  readily  identified  but  there  seems  to  be  no  gap  in 

the  values  correlating  with  any  two  or  three  character-states.  The 

GL/LL  values  for  five  species  of  Atelognathus  nearly  span  the  spec- 
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brum  of  variation  (A.  praebasalticus,  1.55;  A.  reverberii,  1.62;  A. 
nitoi.  2:32:  A.  solitarius,  2.42;  and  A.  patagonicus,  2.49). 

While  computing  those  values  I  noted  a  general  inverse  corre- 
lation between  the  widths  of  the  transverse  processes  of  vertebrae 

YI-YIII  and  the  dilation  of  the  sacral  diapophyses.  The  correlation 
is  not  significant  (r  =  -0.29,  p  >  0.05)  for  process  widths  (VI- 
VIII)  and  L/D  ratio  of  the  sacral  diapophyses  nor  for  process 

widths  and  the  GL/LL  ratios  (r  =  -0.18,  p  >  0.05). 
23.  Humerus  of  male. — Gallardo  (1970)  emphasized  the  en- 

larged forelimbs  of  the  male  as  a  generic  feature  of  Alsodes.  Barrio 
(1970)  characterized  Insuetophrynus  as  having  enlarged  forelimbs 
and  in  part  used  the  trait  as  evidence  of  a  relationship  between 
the  two  genera.  In  order  to  render  the  trait  less  subjective,  I  have 
redefined  it  as  the  development  of  large  cristae  lateralis,  medialis, 
and  ventralis.  Although  all  species  have  a  moderate  to  large  crista 
ventralis,  most  do  not  have  large  forelimbs.  The  massive  forelimbs 
correlate  with  the  hypertrophy  of  the  crista  lateralis  and  crista 
medialis  and  are  seen  in  Alsodes  gargola,  A.  montanus,  A.  monticola, 

and  A.  nodosus  (and  probably  A.  illotus,  if  adult  males  were  avail- 
able); the  condition  also  occurs  in  several  Telmatobius  (s.s.),  viz., 

marmoratus,  schreiteri.  The  humerus  of  male  Insuetophrynus  re- 
sembles that  seen  in  most  frogs  where  the  crista  medialis  and  c. 

lateralis  are  insignificant  ridges  if  detectable  at  all.  Intrageneric 

variation  in  character-states  precludes  use  of  this  trait  in  attempting 
to  show  relationships. 

Analysis  of  Relationships 

I  analysed  the  relationships  using  the  CLADON  programs  de- 
scribed by  Bartcher  (1966).  In  using  this  method,  I  agree  with  the 

assumptions  set  forth  by  Camin  and  Sokal  (1965).  Certainly  of 
paramount  importance  is  the  assumption  that  shared  primitive 
character-states  are  evidence  of  relationship,  whereas  shared  de- 

rived character-states  do  not  necessarily  provide  evidence  of  rela- 

tionship. I  concur  with  Eaton's  (1970)  reasoning  that  derived 
character-states  may  be  independently  acquired  whereas  primitive 
character-states  cannot  be — sharing  primitive  character-states  is 
a  result  ol  inheritance. 

Frogs  :ue  a  morphologically  uniform  group  (Inger,  1967;  Trueb, 
L973  i.  I  am  ol  the  opinion  that  in  such  groups  independent  acquisi- 

tion of  derived  character-States  is  probably  the  rule.    Bock's  (1963, 
L969)    work   suggests   that    this   is   generally   true   in    birds,    another 

morphological!)  uniform  group  whose  key  adaptations  have  im- 
posed   Constraints   on    radiation.     This    is    not    to    deny   all    value    to 

derived  character  states  in  inferring  phylogeny  but  to  restrict  the 
value  of  such  character  states,    independent  acquisition  of  a  de- 
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rived  state  is  more  likely  if  two  taxa  share  a  single  derived  state 
than  if  two  taxa  share  several  derived  states  (a  cluster  of  derived 

states  could  be  used  to  infer  relationship).  Independent  acquisi- 
tion is  considered  more  likely  for  those  characteristics  showing  low 

compatibility  with  other  characteristics. 

The  most  parsimonious  cladogram  for  the  eleven  telmatobiine 
genera  (excluding  Somuncuria)  requires  46  evolutionary  steps  (Fig. 
16).  Three  suprageneric  groups  may  be  identified.  One  consists  of 

Caudiverbera  and  Telmatobufo;  the  second  of  Batrachyla,  Eup- 
sophus,  Hylorina,  and  Thoropa;  and  the  third  of  Alsodes,  Atelo- 
gnathus,  Batrachophrynus,  Insuetophrynus,  and  Telmatobius.  The 

relationship  of  Alsodes,  Atelognathus,  Insuetophrynus,  and  Telma- 

tobius can  be  expressed  with  equal  parsimony  ( subcladogram  A') 
by  requiring  extra  steps  in  characters  14  (omosternum  shape)  and 
19  ( nuptial  armature ) .  The  distribution  of  genera  on  the  cladogram 

does  not  lend  credence  to  the  suprageneric  arrangements  I  advo- 
cated previously  ( Lynch,  1971,  1973 ) .  No  rational  argument  could 

be  made  to  include  Batrachophrynus,  Caudiverbera,  Telmatobius, 

and  Telmatobufo  in  suprageneric  group  without  also  including  Al- 
sodes, Atelognathus,  and  Insuetophrynus.  I  (Lynch,  1971)  placed 

Batrachyla,  Eupsophus  (partim),  Hylorina,  and  Thoropa  in  a  tribe 
(Alsodini)  but  later  (Lynch,  1973)  advocated  separating  Batrachyla 
and  Thoropa  as  a  tribe. 

Barrio  (1971)  and  Barrio  and  Rinaldi  de  Chieri  (1971)  sug- 
gested that  Limnomedusa  belongs  to  this  complex  of  genera  because 

Limnomedusa  differs  from  all  other  Leptodactylines  in  having  26 
chromosomes.  Bogart  (1973a)  pointed  out  that  Adenomera  also 

has  26  chromosomes  weakening  Barrio's  argument.  If  Limnomedusa 
is  included  with  the  Patagonian  telmatobiines  in  a  cladistic  analysis, 
an  additional  state  for  character  15  may  be  employed;  the  state  is 

shared  with  Thoropa.  The  cladogram  generated  for  these  12  gen- 
era requires  50  steps  (Fig.  16).  Limnomedusa  is  situated  as  a 

sister  group  to  Hylorina-Eupsophus-Thoropa-Batrachyla.  Four  dif- 
ferent, equally  parsimonious,  trees  may  be  generated  ( see  subclado- 

grams  A'  and  B').  Only  two  evolutionary  steps  (i.e.,  derived  char- 
acter-states) link  Limnomedusa  with  Batrachyla  and  Thoropa;  I 

viewed  the  linkage  as  spurious  rather  than  suggestive  of  relationship. 

When  Pleurodema  and  Somuncuria  are  also  included  in  the  anal- 

ysis (Fig.  17),  the  cladogram  undergoes  considerable  configura- 
tional  change.  Batrachophrynus  is  linked  with  Caudiverbera  and 

Telmatobufo  rather  than  with  Alsodes,  Atelognathus,  Insuetophry- 
nus, and  Telmatobius.  In  the  subcladogram  I  prefer,  Pleurodema 

and  Somuncuria  replaced  Batrachophrynus.  Limnomedusa  remains 

associated  with  Eupsophus  and  Hylorina.  The  failure  of  Limnome- 
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Fig.  16. — (A)  Cladogram  for  11  OTUs  requiring  46  evolutionary  steps. 

The  subcladograms,  A  and  A',  may  be  substituted  without  an  increase  in 
evolutionary  steps.  (B)  Cladograia  lor  12  OTUs  requiring  50  evolutionary 

steps.  Subcladograms  A  and  A'  and  B  and  \V  may  he  substituted  individually 
or  jointly  without  an  increase  in  evolutionary  steps. 

Evolutionary  steps  are  numbered  (lor  characteristic  numhers  refer  to  pages 
28-35)  on  each  lineage;  different  evolutionary  directions  are  indicated  hy  a 
horizontal  line  or  an  X  to  the  lefl  of  the  numbered  characteristic.  OTU  identi- 

fications are:  \l.so  (Abodes),  ATEL  (Atelognathua),  BNUS  (Batracho- 
phrynus),  MY  LA  (Batrachyla),  CAUD  (Caudiverbera) ,  EUPS  (Eupsophus), 
I (VI .o  (Hylorina),  INSU  (Iruuetophryntu),  LIMN  (Limnomedusa),  PLEU 
{Pleurodema),  SOMU  (Somuncuria),  TBUF  (Telmatobufo),  TBUS  (Telma- 
tobiua),  THOB  (Thoropa). 
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dusa  and  Pleurodema  to  associate  is  suggestive  that  at  least  one  of 
them  is  not  properly  assigned  to  the  Leptodactylinae. 
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Fig.  17. — (A)  Cladogram  for  14  OTUs  requiring  57  evolutionary  steps. 

Subcladograms  A  and  A'  (see  Fig.  16A)  may  be  substituted  without  an  in- 
crease in  evolutionary  steps.  Subcladograms  C  and  C'  (see  Fig.  17B)  may  be 

substituted  without  an  increase  in  steps  but  A  and  A'  may  be  substituted  only 
when  using  subcladogram  C.  (B)  Cladogram  for  14  OTUs  requiring  58  steps. 

Subcladograms  D  and  D'  may  be  substituted  without  an  increase  in  steps 
only  when  using  subcladogram  C.    For  OTU  identifications,  see  Fig.  16. 
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Only  slightly  less  parsimonious  (58  vs.  57  steps)  is  a  cladogram 
(Fig.  17)  where  Batrachoplirynus  is  not  linked  with  Caudivcrbera 

and  Telmatobufo  but  where  Batrachophrynus  is  cladistically  iso- 

lated. The  equally  parsimonious  subcladograms  (A',  C,  D')  em- 
phasize characteristics  I  consider  less  reliable  than  those  emphasized 

in  the  preferred  cladogram.  All  seven  evolutionary  steps  on  the 

Batrachophrynus  lineage  (Fig.  17)  are  parallelisms.  The  more  par- 
simonious cladogram  (57  steps,  Fig.  17)  requires  six  independent 

character-state  shifts  for  the  lineage.  The  difference  is  not  adequate 
to  convince  me  that  one  is  to  be  preferred  over  the  other. 

On  the  basis  of  these  cladograms  I  proffer  the  following  tax- 
onomic  arrangement: 

Subfamily  TELMATOBIINAE 

Tribe  Calyptocephalellini  Reig 
Caudiverbera 
Telmatobufo 

Tribe  Telmatobiini  Fitzinger 
Alsodes 

Atelognathus 
Batrachophrynus 

Eupsophus 

Hylorina 
Insuetophrynus 
Limnomedusa 
Somuncuria 
Telmatobius 

Tribe  Batrachylini  Gallardo 
Batrachyla 
Thoropa 

The  three  tribes  are  defined  below: 

Batrachylini. — Telmatobiine  leptodactylids  having  terrestrial 
eggs  and  aquatic  larvae,  two  metatarsal  tubercles,  horizontal  pupils, 

prevomerine  odontophores  between  the  choanae,  terminal  pha- 
langes T-shaped,  leptodactyline  ilium  type,  broad  transverse  proc- 

esses of  posterior  presacral  vertebrae,  feebly  dilated  sacral  dia- 

pophyseSj  occipital  artery  not  enclosed  in  bony  canal,  atlantal  co- 
tyles    (and  occipital   condyles)    widely   separated. 

Cai.yito(  i  ni  \i  i.i.i.im. — Telmatobiine  leptodactylids  having 
aquatic  eggs  and   larvae,   one   metatarsal   tubercle,   vertical   pupils, 

prevomerine  odontophores  between  the  choanae,  terminal  phalan- 
ges knobbed,  leptodaetvliiie  ilium  type,  narrow  transverse  processes 

ol  posterior  presacral  vertebrae,  dilated  sacral  diapophyses,  occipi- 
tal artery  enclosed  in  bony  canal,  closely  juxtaposed  atlantal  cotyles 

|  and  OCCipital  condyles  ). 
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Telmatobhni. — Telmatobiine  leptodactylids  having  aquatic 
eggs  and  larvae,  two  metatarsal  tubercles,  horizontal  or  vertical 

pupils,  prevomerine  odontophores  between  (or  slightly  posterior 
to)  choanae,  terminal  phalanges  knobbed,  leptodactyline  ilium 
type,  narrow  to  broad  transverse  processes  of  posterior  presacral 
vertebrae,  sacral  diapophyses  variable  (no  expansion  to  broadly 
dilated),  occipital  artery  not  enclosed  in  bony  canal,  atlantal  cotyles 
(and  occipital  condyles)  narrowly  separated. 

The  branching  sequences  (Figs.  16,  17)  clearly  do  not  support 
either  of  my  previous  (Lynch,  1971,  1973)  arrangements.  My  1971 
Telmatobiini  is  clearly  polyphyletic,  whereas  my  Alsodini  ( 1971 ) 

and  Batrachylini  ( 1973 )  are  monophyletic.  Reig's  ( 1960 )  Calypto- 
cephalellinae  is  recognizable  only  if  Telmatobufo  is  included.  The 
departures  from  my  earlier  arrangements  are,  in  part,  results  of  an 
improved  data  base.  The  improved  data  base  also  suggests  that 
certain  traits  used  in  my  earlier  studies  (breadth  of  transverse 

processes  of  posterior  presacral  vertebrae,  dilation  of  sacral  dia- 
pophyses) were  overemphasized.  In  my  previous  studies  I  em- 

ployed less  judicious  coding  of  the  variations  of  the  pectoral  girdle 
and  did  not  take  advantage  of  those  variations. 

Some  serological  data  are  available.  Cei  (1965)  demonstrated 
that  Caudiverbera  is  serologically  distant  from  the  Ceratophryines 
sensu  strict o.  He  also  demonstrated  (Cei,  1970b)  that  Telmatobufo 

is  more  similar  to  Telmatobius  (sensu  stricto)  than  to  Caudiver- 
bera as  suggested  by  Gallardo  ( 1965 )  and  Lynch  ( 1971 ) .  Against 

the  background  of  a  much  improved  anatomical  data  base,  I  con- 
tinue to  view  Caudiverbera  as  the  nearest  relative  of  Telmatobufo; 

thus  the  morphological  and  serological  data  remain  incongruent. 

Cei's  (1970b)  study  included  species  here  assigned  to  Alsodes, 
Atelognathus,  Caudiverbera,  Odontophrynus,  Pleurodema,  Telma- 

tobius, and  Telmatobufo.  His  data  do  not  support  reference  of 

Telmatobius  somuncurensis  to  Pleurodema  but  suggest  that  Somun- 
curia  is  a  member  of  the  complex  of  genera  here  termed  the  lower 
telmatobiines. 

Several  authors  have  asserted  relationships  between  some  of  the 
lower  telmatobiines  on  the  basis  of  chromosome  data.  If  Limnome- 

dusa  is  considered  a  telmatobiine  as  suggested  by  Barrio  and  Ri- 
naldi  de  Chieri  (1971),  kaiyotypic  data  are  available  for  12  of  the 

13  genera  ( Batrachophrynus  not  studied ) .  Diploid  counts  are  avail- 
able for  23  species  (Barbieri,  1954;  Barrio,  1971,  1973;  Barrio  and 

Rinaldi  de  Chieri,  1971;  Bogart,  1970;  Brum-Zorrilla  and  Saez, 
1968;  Cei,  1969Z?;  Formas  and  Espinoza,  1975;  Kuramoto,  1972; 
Morescalchi,  1973;  and  Veloso,  et  al.  1974).  The  reported  diploid 

counts  are:  22  [Alsodes  nodosus  (Bogart,  1970;  Brum-Zorrilla  and 
Suez,    1968,   Kuramoto,    1972),    Somuncuria  somuncurensis    (Cei, 
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1969b).  Telmatobius  sp  of  marmoratus  group  ( Brum-Zorrilla  and 
Suez,  1968)],  26  [Abodes  gargola,  monticola,  and  nodosus  (Barrio 

and  Rinaldi  di  Chieri,  1971),  Atelognathus  patagonicus  and  prae- 
basalticus  (Barrio  and  Rinaldi  de  Chieri,  1971),  A.  nitoi  (Barrio, 

1973),  A.  rcverberii  (Cei,  1969/;)  Batrachyla  antartandica,  lepto- 
pus,  taeniatus  (Barrio  and  Rinaldi  de  Chieri,  1971,  Bogart,  1970), 

Caudiverbera  caudiverbera  (Brum-Zorrilla  and  Saez,  1968;  Formas 
and  Espinoza,  1975;  Kuramoto,  1972),  Hylorina  sylvatica  (Barrio 
and  Rinaldi  de  Chieri,  1971),  Insuetophrynus  acarpicus  (Barrio 

and  Rinaldi  de  Chieri,  1971;  Bogart,  1970),  Limnomedusa  macro- 
glossa  (Barrio,  1971),  Telmatobius  barrioi,  ceiorum,  schreiteri, 

stephani  (Barbieri,  1954;  Morescalchii,  1973),  TeJmatobufo  aus- 
trolis  (Formas  and  Espinoza,  1975),  and  Thoropa  milaris  (Bogart, 

1970;  Brum-Zorrilla  and  Saez,  1968)],  28  [Eupsophus  vertebralis 
(Bogart,  1970)],  and  30  [Eupsophus  roseus  (Barrio  and  Rinaldi  de 
Chieri,  1971;  Bogart,  1970)]. 

Perusal  of  the  literature  suggests  that  intraspecific  variation 
in  chromosome  number  exists  in  Alsodes  nodosus  ( counts  of  22  and 
26  reported).  Alberto  Veloso  has  discovered  that  the  apparent 
variability  is  the  result  of  confusing  Alsodes  laevis  (Philippi),  A. 
montanus  (Lataste),  and  A.  nodosus  (Dumeril  and  Bibron);  the 
first  two  have  diploid  counts  of  26.  Intrageneric  variation  exists  in 

Alsodes  (nodosus  with  22,  gargola  and  monticola  with  26),  Eup- 
sophus (28  or  30),  and  Telmatobius  (22  or  26). 

Bogart  (1973a)  and  Morescalchi  (1973)  have  pointed  out  that 
numbers  of  chromosomes  relate  only  a  small  part  of  the  information 

in  a  karyotype.  Both  authors  argue  that  the  26  chromosome  karyo- 
type is  primitive  among  the  non-archaic  frog  families.  The  taxa 

listed  above  (having  26  chromosomes)  may  be  divided  into  three 
groups  on  the  basis  of  numbers  of  large  and  small  chromosomes 
and  the  magnitude  of  the  size  difference  between  large  and  small 
chromosomes. 

The  most  common  is  one  in  which  there  arc  clearly  five  large 
and  eight  small  chromosomes.  This  pattern  is  seen  in  Atelognathus, 
Batrachyla,  Hylorina,  Insuetophrynus,  Telmatobius,  and  Thoropa. 
Barrio  and  Rinaldi  de  Chieri  (1971)  suggested  that  this  pattern 
is  exhibited  in  Alsodes  as  well  but  their  figure  of  a  karoytpe  of 
\.  nodosus  is  not  convincing,  Their  figure  seems  to  agree  with  the 
figures  and  data  provided  by  Bogart  (1970)  and  Kuramoto  (1972) 
( six  large  chromosomes )  except  that  the  latter  recorded  only  11  pairs 
of  elements,  The  pattern  of  five  clearly  large  and  eight  clearly 
small  chromosomes  is  also  seen  in  the  Grypiscines  Cyclorhamphus 
and  Zachaenus  (Becak,  Denaro,  and  Becak,  1970;  Bogart,  1970). 

Caudiverbera  and  Telmatobufo  have  six  large  chromosomes  and 
seven  small  ones  (Formas  and  Espinoza,  1975;  Kuramoto,  1972)  but 
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the  large  and  small  chromosomes  are  not  so  clearly  defined  as  in 
the  previous  group.  The  reports  for  Alsodes  nodosus  by  Bogart 

(1970)  and  Kuramoto  (1972)  clearly  demonstrate  six  large  chromo- 

somes. Barrio  and  Rinaldi  de  Chieri's  (1971)  figures  substantiate 
this  interpretation. 

The  three  remaining  species  exhibit  a  karyotype  of  26,  28,  and 
30  chromosomes  with  a  gradual  decrease  in  size  from  pair  1  to 
13,  14,  or  15;  the  decrease  is  most  obvious  in  E.  roseus  but  in  E. 
vertebralis  one  could  argue  that  six  large  pairs  and  eight  small 
pairs  are  found. 

In  perusing  the  literature  one  finds  that  the  Odontophrynines 

have  a  karyotype  with  gradual  decrease  in  chromosome  size  (Be- 
cak,  Denaro,  and  Becak,  1970;  Bogart,  1967),  as  do  the  Elosiines 
(Becak,  1968;  Bogart,  1970;  Denaro,  1972;  and  de  Lucca  and  Jim, 
1974 ) ,  the  leptodactylines  ( Becak,  1968;  Becak,  Denaro,  and  Becak, 
1970;  Bogart,  1973&,  1974),  and  the  eleutherodactylines  (Bogart, 
1973&;  de  Lucca,  Jim,  and  Foresti,  1974;  and  de  Lucca  and  Jim, 
1974). 

Ceratophrys  (and  Chacophrys)  have  either  five  large  and  eight 
small  chromosomes  (Becak,  Denaro,  and  Becak,  1970;  Bogart, 
1967)  or  six  large  and  seven  small  chromosomes  ( Morescalchii, 
1967) .  Lepidobatrachus  have  six  large  and  seven  small  chromosomes 
(Barrio  and  Rinaldi  de  Chieri,  1970;  Bogart,  1967).  If  studies  of 

Pelobates  and  Scaphiopus  are  indicators  (Bogart,  1971;  Morescal- 
chii, 1967),  the  level  of  importance  of  five  vs.  six  large  chromo- 

somes may  be  generic  or  subgeneric.  However,  it  seems  injudicious 
to  assert  that  chromosome  counts  or  relative  sizes  of  chromosomes 

provide  critical  evidence  for  subfamily  or  tribe  assignments  as 
suggested  on  occasions  by  Barrio  and  Rinaldi  de  Chieri  (1971), 
Becak  (1968),  Bogart  (1973a),  and  Morescalchii  (1973). 

The  conclusions  reached  here  require  comparison  with  the  re- 

cent paper  by  Heyer  (1975),  who  used  Felsenstein's  combinatorial 
method  to  produce  phylogenetic  trees;  although  he  argued  repeat- 

edly that  he  embraces  the  philosophical  principles  of  Hennig 
( 1966 ) ,  he  does  so  only  in  part.  Heyer  rejects  the  view  that  shared 

primitive  character-states  are  evidence  of  relationship  and  asserts 
that  only  shared  derived  character-states  are  evidence  of  relation- 

ship. Hennig  (1966)  argued  that  all  derived  character-states  (apo- 
morphies)  are  not  equally  usable;  only  synapomorphies  provide 
evidence  of  relationships  (convergences  do  not).  Heyer  seems  to 

agree  with  Hennig  (1966:121-22)  in  initially  assuming  that  all 
apomorphies  are  synapomorphies  but  at  this  point  he  seriously 
breaches  with  Hennig  because  Hennig  ( 1966 )  attempts  to  test  each 

trait  and  then  rejects  any  that  are  not  "proven"  synapomorphies 
(Schlee,  1969).  As  Schlee  (1969)  pointed  out,  the  efforts  to  "prove" 



46         OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

synapomorphies  tend  to  greatly  reduce  the  number  of  characters 

employed..  As  is  abundantly  evident  in  Heyer's  work,  no  reduction 
of  traits  occurs  between  his  character  analysis  and  his  analysis  of 

relationships.  As  he  points  out  (p.  38),  convergence  (non-syna- 

pomorphies)  is  quite  common.  I  thus  submit  that  Heyer's  (1975) 
study  embraces  Hennig's  philosophical  principles  only  superficially. 

Criticism  of  Heyer's  arrangement  is  difficult  because  he  does  not 
provide  a  final  tree.  His  penultimate  tree  (Heyer,  1975:30-31, 
fig.  9)  was  modified  by  moving  Caudiverbera  from  the  ceratophrine 
(sic)  branch  to  the  telmatobine  branch  with  attendant  increases  in 

convergencies  in  two  traits.  His  operational  basis  of  a  "good 
phylogeny"  involves:  1)  reductions  in  steps  reducing  conver- 

gences; 2)  increases  of  numbers  of  monothetic  clusters;  3)  increase 
in  numbers  of  unique  state  appearances;  and  4)  maximizing  the 
numbers  of  derived  states  in  any  clusters.  Moving  Caudiverbera 
increases  the  number  of  convergences  ( traits  1  and  14 )  and  reduces 

the  number  of  unique  appearances  (-trait  43)  but  does  not  link 
Caudiverbera  with  the  other  four  genera  because  Caudiverbera 

shares  no  apomorphy  with  Batrachyla-Batrachophrynus-Eupsoph- 
us-Telmatobius.  The  action  does  eliminate  convergences  in  traits 
16  and  50  but  does  not  increase  the  number  of  monothetic  clusters 

(one  lost,  one  gained).  Heyer  argued  (p.  36)  that  this  action 

"maximizes  monothetic  clusters  and  numbers  of  states  within  clus- 

ters." Although  moving  Caudiverbera  to  the  telmatobine  section 
improves  the  congruence  of  Heyer's  arrangement  and  mine  it  does 
not  appear  consistent  with  Heyer's  operational  basis. 

We  also  differ  in  the  placement  of  Thoropa.  Heyer  placed  the 
genus  in  his  grypiscine  group  whereas  I  consider  Thoropa  a  close 
ally  of  Batrachyla.  Heyer  admits  that  his  grypiscine  group  is  one 
of  the  weakest  points  of  the  phylogeny  because  the  grypiscine 

group  does  not  form  sister-groups  and  is  a  nonmonothetic  cluster. 

Heyer  argued  (p.  35)  that  "The  best  test  for  the  validity  of  the 
five  proposed  groupings  at  present  is  to  see  if  the  five  groupings 

make  sense  biogeographically."  To  use  biogeographic  data  to  test 
the  phylogeny  which  is  to  be  analyzed  biogeographically  is  one  of 

the  more  simple  examples  of  circular  reasoning.  Heyer  later  as- 

serted that  the  gr\  piscines  arc  closely  related — "All  grypiscines  are 
found  in  forested  habitats  and  Further,  eight  of  the  genera  are 

adapted  to  forest  stream  life  in  one  way  or  another  (italics  mine). 
It  is  tins  overall  forest  stream  adaptational  complex  that  convinces 

me  tliat  the  grypiscines  arc  a  natural  unit."  Exactly  how  "one  way 

or  another"  (implying  various  )  leads  to  "overall  forest  stream  adap- 
tational complex"  escapes  me.  I  can  only  conclude  that  the  argu- 

ment OJ  relationship  stems  I  mm  some  biogeographic  interference 
With  systematic  \. 
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Using  Heyer's  data,  Thoropa  shares  13  traits  with  Batrachyla, 
10  with  Cycloramphus  and  Zachaenus,  9  with  Hylodes,  8  with 
Crossodactylus,  7  with  Megaelosia,  and  6  with  Paratelmatobius. 

In  Heyer's  dendrogram,  Thoropa  clusters  with  the  elosiines  on  the 
basis  of  3  traits.  If  Thoropa  is  moved  to  the  telmatobine  branch 
(where  it  pairs  with  Batrachyla),  the  two  form  a  cluster  on  the 
basis  of  7  traits.  The  two  branches  with  the  telmatobine  group 

[(Batrachyla-Thoropa;  7  trait  cluster)  (Batrachophrynus-Eupsoph- 
us-Telmatobius;  4  trait  cluster)]  cluster  on  the  basis  of  6  traits. 
This  arrangement  seems  to  improve  the  maximizing  of  states  within 

clusters  (Heyer's  operational  basis  number  4)  for  the  telmatobines 
and  also  the  grypiscines. 

At  least  some  of  the  differences  between  the  arrangement  pro- 

posed by  Heyer  ( 1975 )  and  that  advocated  here  stem  from  Heyer's 
character-state  coding  and  from  the  broader  data  base  used  here. 
Heyer  coded  at  least  some  genera  on  the  basis  of  statements  made 

in  Lynch  (1971)  but  for  some  traits  (e.g.,  sternum  ossification) 
divided  the  characteristics  into  character-states  that  could  not  be 

coded  from  the  statements  in  Lynch  (1971);  thus  Heyer  (1975:51, 

Table  B)  recorded  three  character-states  for  the  sternum  in  Ba- 

trachophrynus,  Caudiverhera,  Eupsophus,  and  Telmatobius,  where- 
as all  four  genera  exhibit  the  same  character-state. 

Discussion 

Schaeffer's  (1949)  early  Tertiary  Patagonian  leptodactylid  frog 
community  consists  of  at  least  three  elements.  Caudiverhera  is 

represented  and,  if  my  earlier  (1971)  assertions  are  correct,  Neo- 
procoela  may  represent  a  Batrachophrynus  or  Telmatobufo  ances- 

tor. The  third  element  is  Schaeffer's  "Eupsophus  species."  This 
element  may  be  one  or  more  of  the  several  telmatobiine  genera 
of  the  tribe  Telmatobiini.  This  particular  assemblage  of  fossils 
serves  as  strongly  circumstantial  evidence  of  the  antiquity  and 
greater  past  distribution  of  the  primarily  austral  biocenotic  frog 
community.  Seven  of  the  genera  are  now  restricted  to  central  and 
southern  Chile,  including  the  putatively  most  primitive  genera 
(Caudiverhera  and  Telmatobufo).  The  six  genera  radiating  out 
from  central  Chile  include  the  patagonian  Atelognathus  and  So- 
muncuria,  the  Andean  Batrachophrynus  and  Telmatobius,  Thoropa 
on  the  forested  mountains  of  southeastern  Brasil,  and  Limnomedusa 

in  the  marshes  of  Uruguay  and  adjacent  Argentina  and  Brasil.  Thus 
all  of  the  so-called  lower  telmatobiines  are  distributed  in  areas  of 

high  (55+)  equability  (Lynch,  1971).  The  distributions  of  the 
Elosiinae,  Grypiscini,  and  Odontophrynini  are  also  encompassed 
entirely  or  in  large  part  by  areas  of  high  equability.    The  stem 
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genera  of  the  Ceratophryinae  and  Leptodactylinae  also  lie  within 
the  high  equability  region  of  South  America.  I  think  that  the 
congruence  of  distributions  of  primitive  leptodactylids  and  high 
equability  is  not  spurious  but  rather  reflective  of  an  ancient  fauna 
and  its  ancient  climate. 

Although  I  eschew  reliance  on  a  single  trait  as  the  basis  for  a 
rational  classification,  additional  comment  on  vertebral  counts 

seems  germane  in  that  it  lends  some  support  to  Heyer's  (1975) 
suggestion  of  a  leiopelmatid  origin  for  the  Neotropical  leptodac- 

tylids. Griffiths'  (1963)  diphyletic  paradigm  of  anurans  hinged  on 
the  eight  vs.  nine  presacral  vertebral  count.  Criticism  of  that 

paradigm  has  been  extensive  and  largely  is  based  on  the  observa- 
tion of  occasional  individuals  of  discoglossids  and  pelobatids  having 

nine  presacral  vertebrae  (Kluge  and  Farris,  1969).  The  sum  of 
available  evidence  supports  the  notion  that  both  families  are  archaic 
(Lynch,  1973).  Of  considerable  significance  is  that  no  member 

of  the  co-called  advanced  families  of  frogs  has  ever  been  suggested 
to  have  more  than  eight  presacral  vertebrae. 

If  the  ancestors  of  Batrachophrynus  and  Telmatobufo  (the  two 
genera  exhibiting  vertebral  form  of  the  coccyx)  did  indeed  have 

nine  presacral  vertebrae  (as  seems  to  be  the  inescapable  conclu- 

sion), it  seems  judicious  to  investigate  the  possibility  of  a  leiopel- 
matid origin  for  the  lower  telmatobiines.  The  Jurassic  leiopelma- 

tids  from  Patagonia  (Notobatrachus  and  Vieraella)  have  free  ribs 

and  nine  perichordal  presacral  vertebrae  which  in  conjunction  with 
an  assortment  of  trivial  and  less  definitive  features  allow  their  asso- 

ciation with  Ascaphus  and/or  Leiopelma  (Estes  and  Reig,  1973). 

The  hypothesized  presacral  vertebral  counts  for  ancestral  telmato- 
biines provides  the  first  evidence  of  nine  presacral  vertebrae  in 

advanced  frogs  and  provides  some  evidence  for  a  leiopelmatid 

connection  independent  of  a  paradigm  involving  pelobatids.  No 
evidence  of  free  or  ankylosed  ribs  is  available  for  any  advanced 

frog  family  (Lynch,  1973;  however,  see  Kluge  and  Farris,  1969, 
for  another  view),  but  the  centra  of  the  immature  Atelognathus 

reverbcrii  appeal  to  be  stegochordal  (as  also  appears  to  be  the 

case  in  Abodes,  the  other  Atelognathus,  and  Insuetophrynus) .  The 

coincidence  of  non-holoehordal  centra  and  nine  presacral  vertebrae 
in  ancestral  telmatobiines  is  strongly  suggestive  of  a  hypothetical 
ancestor  intermediate  between  leptodactylids  and  leiopelmatids; 

the  Cretaceous  frog  fauna  of  Patagonia  may  resolve  the  question 

but  the  significance  of  Neotropical  leptodactylids  in  the  reigning 

paradigms  of  frog  evolution  (Lynch,  1973;  Savage,  1973)  seems 
certain  to  increase  substantially. 
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Summary 

Six  of  the  seven  species  heretofore  termed  "extra-andean"  Tel- 
matobius  are  transferred  to  a  new  genus,  Atelognathus,  generotype 

Batrachophrynus  patagonicus  Gallardo.  The  six  species  of  Atelo- 
gnathus are  A.  grandisonae  (Lynch),  A.  nitoi  (Barrio),  A.  pata- 
gonicus (Gallardo),  A.  praebasalticus  (Cei  and  Roig),  A.  rever- 

berii  (Cei),  and  A.  solitarius  (Cei).  The  seventh  extra-andean 
Telmatobius  is  placed  in  a  new  genus,  Somuncuria,  generotype 
Telmatobius  somuncurensis  Cei,  1969,  intermediate  between  Atelo- 

gnathus and  Pleurodema. 

Osteological  data  for  Abodes  gargola,  A.  montanus,  Batracho- 
phrynus brachydactylus,  Insuetophrynus  acarpicus,  Telmatobius 

barrio,  T.  brevipes,  T.  culeus,  T.  niger,  and  Telmatobufo  venustus 

permit  and  prompt  a  reevaluation  of  the  relationships  of  the  lepto- 
dactylids  previously  placed  in  the  tribes  Alsodini,  Batrachylini,  and 
Telmatobiini  of  the  subfamily  Telmatobiinae.  Thirteen  genera  of 
lower  telmatobiines  are  recognized. 
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The  monotypic  genus  Caudiverbera  and  the  genus  Telmatobufo 
(australis  and  venustus)  are  placed  in  the  tribe  Calyptocephalel- 
lini.  Two  genera,  Batraclujla  and  Thoropa  are  placed  in  the  tribe 
Batrachylini.  Nine  genera.  Abodes,  Atelognathus,  Batrachophrynus, 
EupsopJius,  Hylorina,  Insuetophrynus,  Limnomeclusa,  Somuncuria, 
and  Telmatobius,  are  placed  in  the  tribe  Telmatobiini.  The  content 
and  distribution  of  each  of  the  thirteen  genera  are  summarized  as 
follows: 

Batrachylini 

Batrachyla  Bell.  Three  species  (antartandica,  leptopus,  and 
taeniata)  in  central  and  southern  Chile  (and  adjacent  Argentina). 

Thoropa  Cope.  Three  species  (lutzi,  miliaris,  and  petropoli- 
tana)  in  the  mountains  of  southeastern  Brasil. 

Calyptocephalellini 

Caudiverbera  Laurent!  One  species  (caudiverbera)  in  central 

and  southern  Chile.  Tertiary  fossils  in  central  and  southern  Argen- 
tina. 

Telmatobufo  Schmidt.  Two  species  (australis  and  venustus)  in 
southern  Chile. 

Telmatobiini 

Alsodes  Bell.  Seven  species  (gargola,  illotus,  laevis,  monticola, 
montanus,  nodosus,  and  vanzolinii)  in  central  and  southern  Chile 
(and  adjacent  Argentina).  A.  illotus  is  doubtfully  distinguished 
from  A.  nodosus;  the  inclusion  of  A.  laevis  is  based  on  discussions 

with  my  colleague  Alberto  Veloso.  Eupsophus  vanzolinii  named  by 

Donoso— Barros  (1974)  is  here  transferred  to  Alsodes. 
Aielognathus  Lynch.  Six  species  (grandisonae,  nitoi,  patagoni- 

cus,  praebasalticus,  reverberii,  and  solitarius)  in  south-central  Ar- 
gentina and  extreme  southern  (austral)  Chile. 

Batrachophrynus  Peters.  Two  species  (brachydactylus  and  ma- 
crostomus)  in  the  Andes  of  central  Peru. 

Eupsophus  Fitzinger.  Two  species  (roseus  and  vertebralis) 
in  southern  Chile.  Two  Peruvian  species  formerly  associated  with 
this  genus  belong  to  other  genera:  peruanUS  Peters  in  the  genus 
Phrynopus  and  funinensis  Shreve  in  the  genus  Telmatobius  (see 
below).  The  fossils  (Oligoeene,  Chubut,  Argentina)  reported  by 
Schaeffer  (1949)  require  study  in  light  of  data  now  available  and 
cannot   be  confidently  assigned   to   Eupsophus, 

Hylorina  Bell.   One  species  (sylvatica)  in  southern  Chile. 
Insuetophrynus  Barrio.  One  species  (acarpicus)  in  southern 

Chile. 

lAmnomedusa  Fitzinger.  One  species  (macroglossus)  in  south- 
ern  Brasil,   Uruguay,  and  adjacent  Argentina. 
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Somuncuria  Lynch.  One  species  (somuncurensis)  from  the  So- 
muncura  Plateau  in  south-central  Argentina. 

Telmatobius  Wiegmann.  Twenty-five  species  {albiventris,  are- 
quipensis,  atacamensis,  barrioi,  brevipes,  brevirostris,  ceiorum,  ci- 
nereus,  crawfordi,  culeus,  halli,  hauthali,  ignavus,  intermedins, 
jelskii,  juninensis,  marmoratus,  niger,  oxycephalus,  peruvianas, 
rimac,  simonsi,  stephani,  vellardi,  and  verrucosus)  in  the  Andes 

from  north-central  Ecuador  to  northern  Argentina  and  Chile. 
Telmatobius  juninensis  (Shreve),  new  combination,  is  a  webless 
species  and  thus  initially  seems  very  different  from  Telmatobius. 
Web  reduction  is  most  marked  in  this  species  but  webbing  is 

reduced  in  Vellard's  (1951)  latirostris  group  (the  semi-terrestrial, 
northern  species).  Data  are  too  limited  to  suggest  that  Vellard's 
groupings  are  defensible  or  that  juninensis  is  a  member  of  the 
latirostris  group.  Osteologically,  juninensis  agrees  with  Telmatobius 
rather  than  Alsodes  or  Eupsophus. 

The  lower  telmatobiines  are  distributed  in  high-equability  South 
America.  This  austral  biocenotic  frog  community  was  probably 
more  widely  distributed  in  the  early  Tertiary.  The  antiquity  of 

this  assemblage  is  inferred  from  Schaeffer's  Eocene-Oligocene 
fauna  in  Patagonia.  The  presence  of  vertebral  form  of  the  coccyx 
in  Batrachophrynus  and  Telmatobufo  means  that  their  ancestor(s) 

had  nine  presacral  vertebrae.  These  data  in  conjunction  with  ap- 
parent stegochordal  centra  in  Atelognathus  suggest  the  likelihood  of 

a  leiopelmatid  ancestry  for  the  lower  telmatobiines.  The  chain  of 
data  consisting  of:  1)  the  central  position  of  leptodactylids  in 

models  of  frog  phylogeny,  2)  Eocene-Oligocene  lower  telmatobiine 
frog  community;  3)  nine  presacral  vertebrae  and  non-holochordal 
centra  in  lower  telmatobiines;  and  4)  Patagonian  Jurassic  leiopel- 
matids  is  suggestive  of  the  antiquity  and  autochthony  of  much  of 
the  Neotropical  frog  fauna. 

Resumen 

Seis  de  las  siete  especies  definidas  en  este  trabajo  como  Telma- 

tobius "extra-andinos,"  son  transferidos  a  un  nuevo  genero,  Atelo- 
gnathus, cuyo  generotipo  es  Batrachophrynus  patagonicus  Gallardo. 

Esas  seis  especies  de  Atelognathus  son:  A.  grandisonae  (Lynch), 
A.  nitoi  (Barrio),  A.  patagonicus  (Gallardo),  A.  praebasalticus 

(Cei  y  Roig),  A.  reverberii  (Cei),  y  A.  solitarius  (Cei).  La  sep- 
tima  entidad  extra-andina  de  Telmatobius  es  colocado  en  un  nuevo 
genero,  Somuncuria. 

El  analisis  de  la  osteologia  de  Alsodes  gargola,  A.  montanus, 

Batrachophrynus  brachydactylus,  Insuetophrynus  acarpicus,  Tel- 
matobius barrioi,  T.  brevipes,  T.  culeus,  T.  niger,  y  Telmatobufo 

venustus  permite  y  conduce  a  una  reevaluacion  de  las  relaciones 
de  los  leptodactylidos  que  anteriormente  habian  sido  colocados  en 
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les  tribus  Alsodini,  Batrachylini,  y  Telmatobiini  de  la  subfamilia 
Telmatobiinae.  Trecc  generos  dc  telmatobiinos  inferiores  son  re- 
conocidos. 

El  genero  monotipico  Caudiverbera  y  el  genero  Telmotobufo 
australis  y  oenustus)  son  colocados  en  la  tribu  Calyptocephalellini. 

Dos  generos,  Batrachyla  y  Thoropa,  se  colocan  en  la  tribu  Batrachy- 
lini. Otros  nueve  generos,  Abodes,  Atelognathus,  Batrachophrynus, 

Eupsophus,  Hylotina,  Insuetophrynus,  Limnomedusa,  Somuncuria, 
y  Telmatobius,  son  colocados  en  la  tribu  Telmatobiini.  La  diversi- 
dad  cspecifica  y  la  distribucion  de  los  trece  generos  se  expresa 
como  sigue: 

Batrachylini 

Batrachyla  Bell.  Ties  especies  (antarctandica,  leptopus,  y  taeni- 
ata)  en  el  Centro  y  Sur  de  Chile  y  regiones  adyacentes  de  Argen- 
tina. 

Thoropa  Cope.  Trcs  especies  (lutzi,  miliaris,  y  petropolitana) 
in  las  montanas  del  sudeste  del  Brasil. 

Calyptocephalellini 

Caudiverbera  Laurenti.  Una  especie  (caudiverbera)  en  Chile 
Central  y  Sur.  Fosiles  terciarios  se  encuentran  en  el  Centro  y  Sur 
de  Argentina. 

Telmatobufo  Schmidt.  Dos  especies  (australis  y  venustus)  en 
el  Sur  de  Chile. 

Telmatobiini 

Alsodes  Bell.  Siete  especies  (gargola,  illotus,  laevis,  montanus, 
monticola,  nodosus,  y  vanzolinii)  en  el  Centro  y  Sur  de  Chile  y 
regiones  adyacentes  de  Argentina.  Alsodes  illotus  es  dudosamente 
distinguible  de  A.  nodosus.  La  inclusion  de  A.  laevis  se  basa  en 
discusiones  sostenidas  con  mi  colega  Alberto  Veloso. 

Atelognathus  Lynch.  Seis  especies  (grandisonae,  nitoi,  pata- 
gonicus,  praebasalticus,  reverberii,  y  solitarius)  se  encuentran  en 
el  Centro-sur  de  Argentina  y  en  Chile  austral. 

Batrachophrynus  Peters.    Dos  especies  |  brachydactylus  y  man 
CTOStOmus)  eil  los  Andes  Centrales  de  Peru. 

Eupsophus  Fitzinger.  Dos  especies  (roseus  y  oertebralis)  en  el 
Sur  de  Chile.  Dos  especies  peruanas  anteriormente  asociadas  a 
este  genero  pertenecen  a  otra  entidad:  peruanus  Peters  al  genero 
Phrynopus,  y  funinensis  Shreve  al  genero  Telmatobius  (\vase 

abajo).  Los  F6siles  (del  Oligoceno  del  Chubut,  Argentina)  des- 
critos  por  Scliaefler  (  L949)  requieren  un  reestudio  a  la  luz  dc1  las 
nuevas  informaciones  disponibles;  por  ello  no  puede  ser  confiada- 
inente  asignado  a  Eupsophus. 

Hylorina  Bell.    I  n;i  especie   (sylvatica)   en  la  region  Sur  de 
Chile. 



TELMATOBIINE  LEPTODACTYLID  FROGS  OF  PATAGONIA       53 

Insuetophrynus  Barrio.  Una  especie  (acarpicus)  en  la  region 
Sur  de  Chile. 

Limnomedusa  Fitzinger.  Una  especie  (macroglossa)  en  el  sud- 
este  Brasilefio,  Uruguay,  y  la  region  adyacente  de  Argentina. 

Somuncuria  Lynch.  Una  especie  (somuncurensis)  en  la  meseta 

basaltica  de  Somuncura  en  el  Centro-sur  de  Argentina. 

Telmatobius  Wiegmann.  Veinticinco  especies  (albiventris,  are- 
quipensis,  atacamensis,  barrioi,  brevipes,  brevirostris,  ceiorum,  ci- 
nereus,  crawfordi,  culeus,  halli,  hauthali,  ignavus,  intermedins, 
jelskii,  juninensis,  marmoratus,  niger,  oxycephalies,  peruvianus, 
rimac,  simonsi,  stephani,  vellardi,  y  verrucosus)  en  los  Andes  desde 
la  region  Norcentral  de  Ecuador  hasta  el  Norte  de  Argentina  y 
Chile.  Telmatobius  juninensis  (Shreve),  nueva  combination,  es 
una  especie  sin  membrana  interdigital  y  en  consecuencia  puede 
considerarse  muy  diferente  de  la  mayoria  de  los  Telmatobius.  La 
reduction  de  la  membrana  es  muy  marcada  en  esta  especie,  sin 
embargo  la  membrana  esta  tambien  reducida  en  el  grupo  latirostris 

de  Vellard  (1951)  (la  especie  nortina  semiterrestre ) .  La  informa- 
tion es  demasiado  limitada  como  para  sugerir  que  el  agrupamiento 

hecho  por  Vellard  es  sostenible  o  que  juninensis  es  un  miembro 
del  grupo  latirostris.  Osteologicamente,  juninensis  concuerda  con 
Telmatobius  antes  que  con  Alsodes  o  con  Eupsophus. 

Los  telmatobiinos  inferiores  se  distribuyen  en  regiones  de  alta 
constancia  termica  relativa  en  Sud  America.  Esta  comunidad  de 

sapos  australes  estuvo  probablemente  mas  ampliamente  distribuida 
en  los  comienzos  del  Terciario.  La  antiguedad  de  este  conjunto 
es  inferida  desde  la  fauna  patagonica  del  Eoceno-Oligoceno  de 
Schaeffer.  La  presencia  de  un  coccyx  con  forma  de  vertebra  en 
Batrachophrynus  y  en  Telmatobufo  significa  que  sus  antecesores 
tuvieron  nueve  vertebras  presacrales.  Estos  datos,  en  conjunto  con 
la  clara  presencia  de  centro  stegochordal  en  Atelognathus  sugiere 
la  posibilidad  de  un  antecesor  leiopelmatido  para  los  telmatobiinos 
inferiores.  La  secuencia  de  information  consiste  en:  1)  la  position 
central  de  los  leptodactylidos  en  los  modelos  de  la  filogcnia  de  los 
anuros;  2)  una  comunidad  anura  de  telmatobiinos  inferiores  en  el 

Eoceno-Oligoceno ;  3)  nueve  vertebras  presacales  y  centro  non- 
holochordal  en  los  telmatobiinos  inferiores;  y  4)  la  presencia  de 

leiopelmatidos  Jurasicos  en  la  Patagonia  es  sugestiva  de  la  antigue- 
dad y  del  endemismo  de  la  mayoria  de  la  fauna  de  anuros  neotropi- 

cales. 

Specimens  Examined 

Alsodes  gargola  (2)   CHINM  7082-83;  Alsodes  montanus  (2) 
IBA-UNC    1646/2,    1646/4;    Alsodes   vanzolinii    (1)    KU    162247; 
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Atelognathus  nitoi  (2)  CHINM  6875,  6877;  Atelognathus  patagoni- 

cus  (19)  IBA-UNC  (IS  uncatalogued,  identified  as  1A-E,  2A-E, 

3A-G),  KU  80781;  Atelognathus  praebasalticus  (1)  IBA-UNC 

1S45/5;  Atelognathus  reverbcrii  (6)  IBA-UNC  (uncatalogued, 
identified  as  4A-F);  Atelognathus  solitarius  (2)  IBA-UNC  (un- 

catalogued, identified  as  5A-B);  Batrachophrynus  brachydactylus 

(1)  SDSNH  46894;  Batrachophrynus  macrostomus  (2)  KU  98127- 

28;  Batrachyla  Jcptopus  (1)  UMMZ  S-2246;  Batrachyla  taeniata 

(1)  UMMZ  S-2247;  Caudivcrbera  caudiverbera  (5)  AMNH 
23622,  23958,  24016,  51510,  FMNH  9703;  Eupsophus  roseus 

(3)  AMNH  22104,  KU  84731,  162204;  Eupsophus  verteba- 
lis  (1)  KU  162238;  Hylorina  sylvatica  (3)  BMNH  91.29.17, 

KU  161407-08;  Insuetophrynus  acarpicus  (2)  CHINM  6903, 

6907;  Limnomedusa  macroglossa  (2)  KU  92960-61;  Somuncuria 
somuncurensis  (2)  IBA-UNC  2135/7,  2135/8;  Tehnatobius  barrioi 
(1)  KU  128880;  Tehnatobius  culeus  (1)  KU  135864;  Tehnatobius 

hauthali  (2)  KU  72879,  UMMZ  S-164;  Tehnatobius  juninensis  (1) 
MCZ  24360;  Tehnatobius  marmoratus  (3)  KU  135903,  UMMZ 

68179(2);  Tehnatobius  niger  (2)  KU  131795-96;  Telmatobufo 
venustus  (2)  KU  159811,  161439;  Thoropa  lutzi  (2)  KU  92850, 

92908;  Thoropa  miliaris  (2)  KU  92855-56;  Thoropa  petropolitana 

(1)  KU  92862. 
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MAMMALS  OF  THE  WOLF  RANCH  LOCAL  FAUNA, 
PLIOCENE  OF  THE  SAN  PEDRO  VALLEY,  ARIZONA 

By 

Jessica  A.  Harrison1 
The  Wolf  Ranch  local  fauna  is  from  sediments  of  the  St.  David 

Formation  (Gray,  1967)  exposed  in  the  Oro  Verde  arroyo  in  the 
southwestern  quarter  of  Cochise  County,  Arizona  ( Fig.  1 ) .  The  Oro 

Verde  arroyo  is  an  east-west  trending  gully  north  of  Arizona  High- 
way 90  and  west  of  the  San  Pedro  River.  Wolf  Ranch  (UALP 

Loc.  64),  one  of  several  late  Cenozoic  fossil  localities  in  the  San 

Pedro  Valley,  has  been  known  since  the  late  1960's;  however,  in- 
tensive study  of  the  rich  small  mammal  fauna  did  not  commence 

until  1971. 

The  5.1  meters  of  approximately  horizontal  sediments  exposed 
in  the  arroyo  are  primarily  sandstones  with  some  minor  clay  and 
marl  units.  Twenty-one  mammalian  taxa  were  collected  from  two 
fossiliferous  units,  a  yellowish  gray  siltstone  (Unit  IV)  and  an 
olive  gray  clay  ( Unit  V ) ,  at  nine  sites  along  the  length  of  the  arroyo 
and  a  roadcut  for  Arizona  Highway  90.  The  bulk  of  the  fossil 
material,  consisting  of  the  isolated  teeth  of  rodents  and  lagomorphs, 
was  recovered  by  washing  some  five  hundred  pounds  of  sediment 
throught  16-  and  24-mesh  screen  boxes. 
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Pic.   I .— Geographic  location  of  the  Wolf  Ranch  local  fauna. 
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Stratigraphy 

Gray  (1967)  described  the  St.  David  Formation  as  a  complex  of 
silts  and  clays  with  fine  sands,  fresh-water  limestones,  water-laid 
pyroclastic  units,  and  paleosols.  Fine  grained  sediments  dominate 
this  sequence  of  fluviatile  and  lacustrine  deposits. 

The  stratigraphic  column  ( Fig.  2 )  is  a  composite  of  four  sections 
taken  at  separate  points  along  the  length  of  the  arroyo.  Eight  units 
could  be  distinguished  in  the  5.1  meters  of  sediments.  Units  I 
through  VI  are  included  in  the  St.  David  Formation,  while  Units 
VII  and  VIII  are  included  in  the  overlying  Granite  Wash.  The 
thickness  of  most  of  the  units  is  fairly  uniform;  however,  a  notable 

exception  to  this  is  Unit  VI.  This  marl  reaches  its  maximum  thick- 
ness at  the  head  of  the  arroyo,  but  becomes  progressively  thinner 

towards  the  terminus.  The  amount  of  clay  with  which  it  is  inter- 
bedded  also  decreases. 

SYSTEMATIC  ACCOUNTS 

Class  MAMMALIA  Linnaeus,  1758 
Order  CHIROPTERA  Blumenbach,  1779 
Family  VESPERTILIONIDAE  Gray,  1821 

Simonycteris  stocki  Stirton,  1931 

Referred  material. — UALP  4928  M2. 

Description. — Ectoloph  of  M2  distinctively  W-shaped  with  small,  hooked 
parastyle  present  on  anterior  end;  a  cingulum  extends  lingually  from  anterior 
end  of  ectoloph  around  protocone  and  incipient  hypocone  to  posterior  end  of 
ectoloph  (Fig.  3A);  no  indication  of  cingulum  at  base  of  ectoloph;  length  of 

M2,  measured  at  base  of  paracone  and  metacone,  and  width,  measured  from 
mesostyle  to  base  of  protocone,  are  slightly  greater  than  in  type  specimen 
(LACM-CIT394). 

Discussion. — Stirton  (1931)  indicated  a  close  relationship  be- 
tween Simonycteris  and  Eptesicus.  After  extensive  comparison,  I 

feel  that  both  the  type  of  S.  stocki  and  the  Wolf  Ranch  specimen 
more  closely  resemble  Lasiurus  than  Eptesicus. 

Order  LAGOMORPHA  Brandt,  1855 
Family  LEPORIDAE  Gray,  1821 

Notolagus  cf.  lepusculus  (Hibbard,  1939) 

Referred  material— UALP  4913  M2;  4914  P»-Ms. 
Description. — External  reentrant  valley  in  lower  cheek  teeth  narrow  and 

extends  completely  across  surface  of  crown;  posterior  enamel  border  of  external 
reentrant  valley  is  unstepped,  but  pronounced  bend  present  in  anterior  border; 
occlusal  outline  relatively  quadrate. 
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Discussion. — The  Wolf  Ranch  leporid  resembles  to  some  degree 
Hypolagus  arizonensis  Downey  in  size,  lack  of  crenulation,  and 
angularity  of  the  anterior  border  of  the  external  reentrant  valley. 
Hypolagus  arizonensis  differs,  however,  in  the  greater  width  of  the 
reentrant  valley,  greater  length,  and  a  less  quadrate  occlusal  outline. 
Both  Notolagus  oelox  and  Nekrolagus  progressus  are  considerably 
larger  than  N.  lepusculus.  In  the  absence  of  more  diagnostic  fossil 

material,  such  as  the  P2  or  the  P3,  the  Wolf  Ranch  leporid  is  referred 
to  Notolagus  cf.  lepusculus. 

Nekrolagus  progressus  (Hibbard,  1939) 

Referred  material.— UAL?  4919  P3;  4916,  4917,  4918  F's;  4920,  4921, 
4922,  4923  Ws;  4924,  4925  M-'s;  4915  M3. 

FORMAT  ION 

40  cm 

I   I 

Unit  VIII.  Sandstone:  coarse  grained,  friable; 

poorly  sorted;  10%gravel  with  maximum 

size    ot     3.2  cm. 

Unit    VII.      Sandstone;    conglomeratic,    medium 

grained,    unconsolidated;    slightly     harder 

than     Unit    VIM;     poorly    sorted;     50% 

gravel     with    maximum    size    of     9cm. 

Unit     VI.       Marl;    partially    indurated: 

interbedded     with    a     silty,     poorly 

consolidated     clay. 

Unit    V.      Clay:    slightly     silty;    f  oss  il  i  le  rous. 

Unit     IV       Siltstone:     contains     oxidized 

'ghosts     of      plant     material:   f  os  si  liferous. 

Unit    III.     Sandstone:     medium    to    coarse 

grained;  cementation    varies    throughout; 

upper    35%     better    cemented     than 

middle    part;     lower     25%    well  cemented 

and     forms     le  dge. 

Umt    ii      Clay     landy. 

Unit     I      Sandstone:    conglomeratic;     lower 

hiill     c  o.iim.    i|i.iincT(l    i|i.i(lini|     to    medium 

in   uppsi    h ,i 1 1 ;    7  0'v    graval   In   lower 
third 

!•  v..  1.     Composite  stratigraphic  section  of  the  Saint  David  Formation  and 
tin    Granite  Wash  as  exposed  in  the  Oro  Verde  Arroyo.    Scale  =  1:20. 
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Description. — Posterior  external  reentrant  valley  of  P3  extends  halfway 
across  surface  of  tooth  and  is  separated  from  well  developed  enamel  island  by 
extremely  narrow  isthmus;  enamel  of  anterior  borders  of  both  island  and 
posterior  reentrant  valley  heavier  than  that  of  posterior  borders;  enamel  of 

posterior  borders  smooth  or  slightly  wavy  rather  than  "decidedly  crenulated" 
(Hibbard,  1939);  incipient  groove  on  anterior  face  continues  to  base  of  crown 
and  would  appear  to  become  more  pronounced  with  wear  (Fig.  3B,  3C); 

enamel  of  hypostria  of  P4,  M\  and  M2  crenulated;  M3  consists  of  two  subequal 
columns,  posterior  column  two  thirds  width  of  anterior;  no  enamel  connection 
observed  between  columns  of  M3. 

Discussion. — The  anterior  groove  is,  in  most  instances,  well 

developed  as  stated  by  Hibbard  in  his  original  description.  How- 
ever, Hibbard  ( 1963 )  later  indicated  that  the  groove  is  completely 

absent  in  some  specimens  that  he  referred  to  this  genus.  The 
incipient  nature  of  the  anterior  groove  and  the  lack  of  complexity 
in  the  posterior  enamel  borders  in  the  Wolf  Ranch  specimen  could 
be  interpreted  as  sufficient  characteristics  to  warrant  the  erection 
of  a  new  species.  However,  pending  the  recovery  of  additional 

P3's,  these  characteristics  are  herein  considered  as  within  the  range 
of  variation  of  Nekrolagus  progressus. 

Order  RODENTIA  Bowdich,  1821 
Family  SCIURIDAE  Gray,  1821 

Spermophilus  bensoni  (Gidley,  1922) 

Referred  material— U ALP  4805,  4800  Mx's;  4807  M,;  4802  M2;  4803  M3. 
Description. — Three  transverse  lophs  of  M1  approximately  equal  in  length; 

protoloph  connected  to  protocone,  but  metaconule  distinct  and  separated  from 
protocone;  anterior  cingulum  depressed  and  connected  with  protocone  more 
lingually  than  posterior  lophs;  parastyle  reduced;  large  prominent  metaconid 
may  be  observed  in  each  of  three  lower  molars;  mesostylid  larger  and  talonid 
basin  slightly  deeper  in  M2  than  in  smaller  Mi;  talonid  basin  in  M3  shallow; 
mesostylid  and  entoconid  subequal;  M3  longest  of  lower  molars. 

Discussion. — Spermophilus  bensoni  is  very  close  in  size  to  S. 
cochisei  from  the  Curtis  Ranch  fauna  of  the  San  Pedro  Valley.  The 
length  of  the  upper  cheek  tooth  series  (extrapolated  by  Gidley 
from  the  paratype)  of  S.  bensoni  is  10.3  mm,  compared  to  10.5  mm 
for  the  type  of  S.  cochisei.  In  S.  cochisei  the  transverse  lophs  of  the 

upper  molars  are  high  and  compressed,  but  are  not  so  well  devel- 
oped in  S.  bensoni,  as  evidenced  by  the  isolated  metaconule. 

Family  GEOMYIDAE  Gill,  1872 
Geomys  (Nerterogeomys)  persimilus  Hay,  1927 

Referred  material— UALP  4972  P;  4169  P4;  4168  P.,;  4884,  4885,  4892, 

4893,  4898  Mx's;  4886,  4887,  4894,  4895,  4896,  4897  Mx's. 
Description. — Upper  incisor  bisulcate;  medial  sulcus  very  shallow  and 

situated  close  to  internal  border  of  tooth;  deeper  lateral  sulcus  bisects  tooth; 
both  sulci  extend  entire  length  of  crown;  enamel  present  on  posterior  wall  of 

P4  and  lophs  moderately  appressed  with  medial  union;  upper  molars  exhibit 
lateral  dentine  tracts  and  enamel  on  both  anterior  and  posterior  walls;  posterior 

loph  of  Pi  equal  in  width  to  that  of  P'  and  enamel  present  on  posterior  wall; 
anterior  loph  broken,  but  apparently  rounded;  lateral  dentine  tracts  present; 
lower  molars  concave  labially,  and  enamel  absent  on  anterior  walls. 
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B 

I  mm;  C.  anterior  view,  Bcale  =  3  nun. 

Discussion.-The  genus  Nerterogeomys  was  erect
ed  in  1942  by 

Gazin.  [  follow  Hibbard  (1956)  and  White  and  D
owns  (1961)  who 

maintain  thai  Nerterogeomy*  should  be  reduced 
 to  subgenera  leve 

due  t0  the  variabiHty  of  such  characters  as  the
  presence  or  absence 
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of  enamel  on  the  posterior  wall  of  the  P4  and  the  position  of  the 
mental  foramen. 

Family  HETEROMYIDAE  Allen  and  Chapman,  1893 
Perognathus  pearlettensis  Hibbard,  1941 

Referred  material— U ALP  4900  P*;  4907  P4. 
Description. — Three  distinct  roots  present  on  P1;  labial  and  lingual  reentrant 

valleys  shallow;  protocone,  isolated  only  in  very  early  stages  of  wear,  quickly 
unites  first  with  metacone  then  with  hypostyle;  two  long  distinct  roots  present 
on  P4;  internal  reentrant  valley  deeper  than  external;  trace  of  third  reentrant 
valley  present  on  anterior  face  of  tooth. 

Discussion. — Perognathus  pearlettensis  is  one  of  the  smallest  of 
the  fossil  pocket  mice.  It  is  exceeded  in  size  by  P.  gidleyi,  P.  mc- 
laughlini,  and  P.  rexroadensis  Hibbard  and  P.  maldei  Zakrzewski. 

Hibbard's  ( 1939b,  1950 )  measurements  indicate  that  P.  pearlettensis 
is  very  close  in  size  to  P.  dunklei  Hibbard;  however,  the  reentrant 
angles  of  the  P4  of  P.  dunklei  are  equal  in  depth. 

Perognathus  gidleyi  Hibbard,  1941 

Referred  material— UALP  4901,  4902  P4s;  4899,  4905,  4906  Mi's;  4903, 
4904  M2's. 

Description. — Protocone  of  P4  as  large  or  larger  than  any  of  three  cusps 
comprising  metaloph;  labial  reentrant  valley  broader  than  lingual  valley  and 
both  extend  about  halfway  to  base  of  crown;  Mi  and  M2  consist  of  two  lophs 
of  three  cusps  each;  anterointernal  cingulum  of  Mi  flexed  posteriorly  and 
strongly  united  with  protostylid;  hypostylid  distinct  and  about  equal  in  size  to 
protostylid;  in  M2  these  two  cusps  much  reduced  and  cingulum  rudimentary. 

Discussion. — Perognathus  gidleyi  is  smaller  than  P.  rexroadensis 
Hibbard  and  about  the  same  size  as  P.  mclaughlini  Hibbard.  The 
teeth  of  P.  gidleyi  are  more  hypsodont  than  those  of  P.  mclaughlini, 

and  the  cusps  are  less  pronounced.  The  protocone  of  the  P4  is 
closely  appressed  to  the  metaloph  in  P.  mclaughlini,  but  is  well 
separated  in  P.  gidleyi.  The  reentrant  valleys  of  the  P4  of  P.  gidleyi 
are  equal  in  depth,  whereas  in  P.  mclaughlini,  the  internal  reentrant 
valley  is  deeper  than  the  external  valley. 

Prodipodomys  idahoensis  Hibbard,  1962 

Referred  material— 9  P"s;  7  P,'s;  5  M^s;  5  Mi's;  5  M-'s;  2  M/s;  2  M3's; 

2  M:i's   (specimen  numbers  not  listed,  all  specimens  catalogued  UALP). 
Description. — Lingual  groove  on  P  deeper  than  labial  groove;  both  grooves 

usually  extend  to  base  of  crown;  unworn  protocone  bilobatc;  dentine  tracts 

extend  from  base  of  crown  to  one-third  or  one-half  distance  to  top  of  crown  on 

barely  worn  tooth  (Fig.  4);  width  of  M'  about  equal  to  that  of  P'  and  exceeds 
that  of  M";  protoloph  and  metaloph  of  M1  and  M"  unite  in  early  wear  to  form 
U-shaped  occlusal  surface;  dentine  tracts  more  prominent  in  molars  than  in 

Pl;  fragments  of  what  appear  to  be  two  separate  roots  present  on  several  M'\s 

and  M"'s;  M:1  much  reduced  and  narrower  than  M";  lingual  groove  on  P,  deep 
and  extends  to  base  of  crown;  labial  groove  shallow  and  extends  about  one-half 
distance  to  base  of  crown;  shallow  groove  separates  protoconid  from  protostylid 
and  extends  about  one-third  of  distance  to  base  of  crown;  protolophid  bilobate 
during  early  stages  of  wear;   dentine  tracts  confined  to  sides  of  metalophid; 
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labial  tracts  almost  always  extend  further  up  crown  than  lingual  tracts;  two 
prominent  roots  present  on  Pt;  Mi  double  rooted  and  as  wide  as  P,;  Ma  narrower 
than  Mi;  both  exhibit  well  developed  dentine  tracts;  M3  single  rooted,  reduced, 
and  narrower  than  NL;  low  dentine  tracts  present;  metalophid  reduced  to  single 
small  flattened  cusp  which  disappears  with  very  little  wear. 

Discussion. — Prodipodomys  idahoensis  is  the  most  advanced 
species  of  this  genus.  It  is  distinguished  from  all  other  fossil  species 
by  its  degree  of  h\  psodonty,  the  development  of  the  dentine  tracts, 
and  the  reduction  of  the  roots.  Hibbard  (1962)  originally  described 
P.  idahoensis  as  lacking  dentine  tracts.  Zakrzewski  (1969)  emended 

the  diagnosis  to  include  "slight  dentine  tracts".  On  one  specimen 
(UALP  4862),  the  enamel  exposed  on  the  occlusal  surface  will  be 
interrupted  by  the  dentine  tract  shortly  after  the  labial  union  of  the 
metalophid  and  hypolophid.  Etadonomys  tiheni  Hibbard  from  the 
Borchers  local  fauna  occasionally  exhibits  low  dentine  tracts  ( KUVP 
6465).  However,  it  is  a  rather  low  crowned  form  with  roots  that  are 
generally  not  as  reduced  as  those  of  P.  idahoensis.  Etadonomys  may 
represent  a  divergent  line  of  Prodipodomys  which  tends  to  retain 

B 

IV..  4.-  -Prodipodomys  idahoensis:   A.  UALP  4822,  P.,  occlusal  and  lingual 
lie       .5  mm;  B.  UALP  1825,  1',,  labial  view,  scale  =  1  mm;  C.  UALP 

ISM,   1",  occlusal  and   labial  views,  scale  =:   1  mm. 



MAMMALS  WOLF  RANCH  —  PLIOCENE  SAN  PEDRO  VALLEY       9 

certain  primitive  features.  Most  of  the  teeth  in  the  Wolf  Ranch 
sample  of  P.  idahoensis  are  from  young  individuals.  Consequently, 
the  roots  are  not  as  well  developed  as  would  be  expected  in  teeth 
from  older  individuals. 

Family  CRICETIDAE  Rochebrune,  1883 
Peromyscus  Gloger,  1841 

Peromyscus  sp. 

Discussion. — The  sample  consists  of  two  isolated  M^s  (cata- 
logued UALP),  extremely  eroded  on  all  surfaces.  Both  specimens 

have  well  developed  roots  and  appear  relatively  low  crowned.  The 
teeth  are  larger  than  either  Bensonomys  or  Onychomys  from  the 
Wolf  Ranch  fauna,  but  smaller  than  Sigmodon. 

Baiomys  brachygnathus  (Gidley,  1922) 

Referred  Material— UALP  4340,  4507,  4508,  4509,  4510  Mx's;  4341,  4342, 
4343,  4344,  4345,  4346,  4347,  4349,  4350,  4351,  4352,  4511,  4512,  4513,  4514, 

4543  Mi's;  4356  M2;  4516,  4517  M/s. 
Description. — M1  narrows  anteriorly,  and  anterocone  is  bilobate  in  30  percent 

of  sample;  labial  reentrant  valleys  more  open  than  lingual  reentrant  valleys;  Mi 

shorter  and  narrower  than  M1;  shallow  groove  on  anteroconid  in  30  percent  of 
sample;  posterior  cingulum  extends  to  lingual  edge  of  crown;  M?  shorter  than 
Mi,  but  about  same  width;  anterior  cingulum  extends  to  labial  edge  of  crown; 
metaconid  transversely  elongated. 

Discussion. — Baiomys  brachygnathus  is  distinguished  from  B. 
minimus  ( Gidley,  1922 )  primarily  on  the  basis  of  its  larger  size  and 
unilobate  anteroconid.  Gidley  states  in  his  description  of  the  type 

of  B.  brachygnathus,  "the  teeth  are  too  much  worn  to  determine 
their  normal  height  in  unworn  condition."  As  a  result,  the  absence 
of  the  bilobate  anteroconid  in  the  type  may  be  due  to  wear. 

Baiomys  minimus  (Gidley,  1922) 

Referred  Material. — UALP  4353,  ramal  fragment  bearing  Mi-«. 
Description. — Anteroconid  of  Mi  bilobate;  posterior  cingulum  well  devel- 

oped; width  of  Mi  equal  to  that  of  M3,  but  length  is  greater;  anterior  cingulum 

of  Mo  extends  almost  to  labial  edge  of  crown.  This  specimen  represents  one  of 
the  rare  occurrences  of  associated  cheek  teeth  in  the  fauna. 

Onychomys  bensoni  Gidley,  1922 

Referred  Material— -U ALP  4501  M1;  4358,  4359,  4360,  4502,  4503  Mi's; 
4362  M2;  4361  M,. 

Description. — Anterocone  of  M1  situated  labial  to  long  axis  of  tooth,  giving 

lingual  border  its  characteristically  'humped'  appearance;  occlusal  surfaces  of 
individual  cusps  very  steep;  protocone  and  hypocone  separated  by  strong  cin- 

gular  shelf;  M2  marked  by  strong  cingular  shelves  on  both  lingual  and  labial 
sides;  extension  of  anterior  cingulum  almost  reaches  to  labial  border  of  crown; 

wide  metaconid-entoconid  and  protoconid-hypoconid  reentrant  valleys  of  Mi 
delineated  by  narrow  transverse  lophs;  posterior  cingulum  broad  in  both  Mi 
and  M2. 



10         OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

Discussion. — Onychomys  bensoni,  originally  described  from  the 
Benson  fauna,  is  not  so  large  as  O.  pedroensis  from  the  Curtis  Ranch 
fauna.  The  length  of  the  lower  cheek  tooth  series  given  for  O. 
pedroensis  is  4.5  mm  compared  to  3.9  mm  for  O.  bensoni.  The  cheek 

teeth  of  O.  bensoni  are  more  brachydont  and  less  compressed  later- 
ally than  those  of  O.  pedroensis.  The  angle  formed  by  the  junction 

of  the  occlusal  surface  with  the  unworn  side  of  the  cusp  is  more 
acute  in  O.  bensoni. 

Bensonomys  arizonae  (Gidley,  1922) 

Referred  Material— V ALT  4332,  4333,  4339,  4522,  4523,  4524  M^s;  4348, 
4529,  4530,  4531,  4542  M/s;  4357  M2;  4354,  4355,  4515  M/s;  4532  Mx-* 

Description. — Anterocone  of  M1  bilobate  with  sulcus  disappearing  only  in 
advanced  stage  of  wear;  lingual  border  of  crown  smoothly  curved;  anteroconid 

of  Mi  narrow  and  bilobate;  broad  anterior  cingulum  extends  almost  to  pro- 
toconid;  width  of  Mo  equals  and  occasionally  exceeds  that  of  Mi;  M3  smaller 

than  the  Ma,  but  not  greatly  reduced;  occlusal  surface  originally  S-shaped,  but 
with  wear  metaconid  may  unite  with  entoconid  to  form  small  enamel  lake. 

Discussion. — Gazin  (1942)  distinguished  Bensonomys  from  Pero- 

myscus  on  the  basis  of  the  "anterior  extension  of  the  masseteric  crest 
into  a  prominent,  knoblike  process  anteroexternal  to  the  anterior 

root  of  the  first  cheek  tooth,  the  dorsal  position  of  the  mental  fora- 
men, the  reduction  of  the  last  molar,  and  the  depth  of  the  sulcus 

between  the  capsular  and  coronoid  processes."  In  addition  to  these 
characteristics,  Peromyscus  is  slightly  higher  crowned  and  has  a 
wider  anteroconid.  The  ratio  of  length  to  width  is  greater  in  the 

teeth  of  Peromyscus.  The  lingual  border  of  the  M1  of  Bensonomys 
is  a  smoother  curve  due  to  the  central  position  of  the  anterocone, 
as  opposed  to  the  more  labial  position  in  Peromyscus. 

Bensonomys  arizonae  was  described  on  the  lower  dentition  only, 

and  to  date  no  complete  skull  or  associated  upper  and  lower  denti- 
tion has  been  recovered.  The  six  isolated  Mrs  and  the  single  M2 

are  herein  referred  to  B.  arizonae  on  the  basis  of  size,  crown  height, 
and  the  absence  from  the  fauna  of  another  species  of  comparable 
size  and  abundance. 

Sigmodon  minor  Gidley,  1922 

Referred  material.— 59  M'\s;  43  M,'s;  57  M-'s;  48  Ma's;  5  M"s;  31   Ma's 
specimen  numbers  not  listed,  all  specimens  catalogued  UALP). 

Discussion. — Gidley  (1922)  described  two  species  of  cotton 
rats  from  i lie  San  Pedro  Valley,  Sigmodon  medius  from  (lie  Benson 
fauna  and  S.  minor  from  tin-  Curtis  Ranch  fauna.  Sigmodon  medius 
is  distinguished  from  S.  minor  primarily  on  the  basis  of  its  larger 
Size.  Martin  (  1970)  suggests  that  S.  medius  is  ancestral  to  S.  minor. 
However,  Cantwell  (1969)  would  synonymize  S.  medius,  S.  inter- 

medius,  and  S.  hilli  with  S.  minor.  \\v  bases  tin's  merger  on  the 
range  oJ  variation  observed  in  a  large  sample  of  Sigmodon  from  the 
Tusker  fauna  from  1  1  1  Ranch,  Arizona. 
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The  total  sample  of  Sigmodon  from  Wolf  Ranch  consisted  of 
two  hundred  forty- three  isolated  teeth,  representing  a  minimum 
number  of  thirty-eight  individuals.  The  Mx  was  selected  as  the 
most  appropriate  tooth  for  statistical  analysis  of  size  on  the  basis  of 
abundance  and  variability.  Also  important,  the  type  specimens  of 

S.  medius  and  S.  minor  are  rami.  Seventeen  of  the  forty-three  Mi's 
from  Wolf  Ranch  were  collected  from  Unit  IV,  and  twenty-six  were 
collected  from  Unit  V.  The  length  and  width  of  each  Mi  was 

measured  to  1/20  mm  on  a  binocular  scope  with  a  built-in 
micrometer. 

The  dimensions  of  the  Mi's  from  Units  IV  and  V  at  Wolf  Ranch 
are  plotted  on  a  scatter  diagram  along  with  those  of  samples  of 
S.  medius  and  S.  minor  which  contain  every  suitable  Mi  in  the 
University  of  Arizona  Laboratory  of  Paleontology  collections  from 
Benson  and  Curtis  Ranch  (Fig.  5).  These  sample  sizes  are  smaller 
than  listed  in  Lammers  (1970)  due  to  the  disappearance  of  one 
specimen  and  the  elimination  of  a  few  others  because  of  breakage 
or  excessive  wear.  Measurements  of  the  type  specimens  of  S. 
medius  (USNM  10519)  and  S.  minor  (USNM  10512)  are  included 
(circled  symbols).  It  is  evident  that  not  only  is  there  a  significant 
overlap  in  the  size  ranges  of  S.  medius  and  S.  minor,  but  that  the 
Sigmodon  sample  from  Wolf  Ranch  encompasses  the  combined 
ranges  of  these  two  species.  The  type  specimens  represent  end 
members,  the  smallest  minor  and  the  largest  medius;  a  fact  which 
has  reinforced  the  recognition  of  S.  medius  and  S.  minor  as  two 
valid  species. 

A  descriminant  function  analysis,  BMD07M  (Dixon,  1974)  de- 
veloped at  the  University  of  California  at  Berkeley,  provides  for 

the  plotting  of  unknown  specimens  against  knowns.  This  program 

was  performed  on  the  total  sample  of  Sigmodon  Mi's,  with  S.  medius and  S.  minor  as  knowns  and  Units  IV  and  V  from  Wolf  Ranch  as 

unknowns.  The  results  indicated  that  the  variable,  length,  accounted 
for  almost  all  of  the  variation  between  S.  medius  and  S.  minor;  how- 

ever, the  variation  was  not  at  a  significant  level.  Figure  6  is  a  plot 
of  the  four  samples  of  Sigmodon  in  relation  to  the  first  canonical 
axis  of  S.  medius  and  S.  minor.  Included  in  the  graph  is  the  mean 
of  each  sample  as  generated  by  the  descriminant  function  analysis 
and  95%  confidence  intervals  for  both  this  mean  and  the  sample 
itself.  The  means  of  the  four  samples  plot  in  a  progression  from 
S.  medius  to  Wolf  Ranch  Unit  IV  to  Wolf  Ranch  Unit  V  to  S.  minor. 

Investigation  of  the  paleomagnetic  stratigraphy  of  the  San  Pedro 
Valley  by  Johnson,  Opdyke,  and  Lindsay  (1975)  verify  that  the  Wolf 
Ranch  fauna  is  temporally  intermediate  between  the  Benson  and 
Curtis  Ranch  faunas.  The  total  sample  of  Sigmodon  from  these 
three  faunas  constitutes  an  exceptionally  clear  example  of  gradual 
phyletic  change  through  time.    I  believe  that  S.   medius  should 
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A      —  S.  medius    from      Benson 

■      —  S.  minor     from     Curtis    Ranch 

O      -  Sigmodon    from    Wolf    Ranch    Unit   IV 

•      -  Sigmodon    from    Wolf     Ranch    Unit   V 
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Kir;.  5. — Scatter  diagram  with  length  plotted  against  width  for  17  Mi's  of 
Sigmodon  from  ('nit  IV,  20  Mi's  from  Unit  V,  7  Mi's  of  S.  minor  from  Curtis 
Ranch,  ami    10    \l\  of  S.    mediUS   From    Benson.     A   numeral   beside  a  symbol 
Indicates  the  number  <>f  specimens  with  identical  dimensions,  A  circled  triangle 

ami  a  circled   square   respectively  indicate  the  dimensions  of  the  Mi's  of  the 
types  "i  s.  medius  and  s.  minor, 

be  placed  iii  synonymy  with  S.  minor,  and  it  is  to  this  taxon  that  I 
refer  (lie  Wolf  Hunch  material. 
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Fig.  6. — The  four  samples  of  Sigmodon  are  plotted  in  relation  to  the  first 
canonical  axis  of  S.  medius  and  S.  minor.  The  samples  are  arranged  from  oldest 
to  youngest,  left  to  right.  The  horizontal  line  represents  the  mean  for  each 
sample  as  generated  by  descriminant  function  analysis  BMD07M.  The  shaded 
rectangle  represents  the  95%  confidence  interval  around  each  mean,  and  the 
vertical  line  represents  the  95%  confidence  interval  for  the  sample  itself. 
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Sigmodon  curtisi  Gidley,  1922 

Referred  material. — UALP  4537  M*. 
Description. — Moderately  hypsodont;  M3  quite  large  with  broad  posterior 

cusp;  lingual  wall  of  posterior  lobe  extended  and  flattened  to  form  sharp  right 
angle  with  posterior  wall  of  reentrant  valley;  anterior  and  posterior  lophs  more 
compressed  than  in  recent  species  and  no  connection  observed  between  them; 
three  well  developed  roots  present. 

Discussion. — Sigmodon  curtisi  is  the  largest  of  the  fossil  species 

of  Sigmodon.  It  is  distinguished  from  S.  "medius"  and  S.  minor 
primarily  on  the  basis  of  size.  The  phylogenetic  history  of  the 

species  is  undecided;  it  may  be  an  early  off-shoot  of  S.  minor,  or  it 
may  represent  an  immigrant  from  outside  the  local  area. 

Neotoma  Say  and  Ord,  1825 
Neotoma  (Hodomys)  sp. 

Referred  material. — 6  M^s;  7  Mi's;  2  M2's;  5  M2's;  3  M3's;  3  M3's  (specimen 
numbers  not  listed,  all  specimens  catalogued  UALP). 

Description. — Labial  reentrant  valley's  of  M1  are  deeper  than  lingual  valleys; 
shallower  anterior  lingual  valley  separates  anterocone  from  protocone  and 
extends  to  base  of  crown;  in  advanced  stages  of  wear,  posterior  labial  and 
lingual  valleys  almost  directly  oppose  one  another;  lingual  reentrant  valley 

equal  in  depth  to  posterior  labial  valley  in  M2;  anterior  labial  valley  of  M~ 
shallow;  with  wear  the  protocone  of  M"  may  connect  with  paracone  to  form 
enamel  lake  and  S-shaped  occlusal  surface;  shallow  posterior  lingual  valley  of 

M:!  lost  in  early  wear,  giving  tooth  occlusal  pattern  resembling  that  of  M"; 
anterior  labial  and  posterior  lingual  valleys  of  Ml  and  Me  moderately  shallow 
and  disappear  completely  with  extreme  wear;  anterior  lingual  and  posterior 
labial  valleys  deeper  and  often  form  enamel  islands;  lingual  reentrant  valley  of 

M:)  situated  anterior  to  labial  reentrant  valley,  producing  S-shaped  occlusal 
surface;  one  Ms  (UALP  4538)  exhibits  trace  of  third  reentrant  valley  on 
anterolabial  lobe. 

Discussion. — The  reentrant  valleys  are  directed  slightly  forward 
in  relation  to  the  long  axis  of  the  tooth.  This  condition,  together 
with  the  presence  of  a  third  anterolabial  reentrant  valley  on  the 

S-shaped  M.;,  supports  the  referral  of  this  species  to  the  subgenus 
Hodomys  rather  than  to  the  subgenus  Parahodomys. 

Family  ERETHIZONTIDAE  Thomas,  1897 
Coendou  stirtoni  White,  1968 

Referred  material.— U ALP  49]  I  I';  JS)12  M1. 
Description.  -Anteroposterior  diameter  <>!  incisor  greater  than  transverse 

diameter;  enamel  restricted  to  anterior  surface  of  tooth;  lingual  reentrant  valley 
d  \l   extends  one  third  of  distance  across  crown  (Fig.  7);  small  enamel  island 
present    in  labial  end  oi   most   posterior  loph;  labial  end  oi   second  anterior  loph 
flexed  posteriorly;  median  basin  greatest  in  depth. 

Discussion. —  The  presence  <>i  Coendou  in  the  Wolf  Ranch  fauna 
lilules  the  earliest   Occurrence  of  an  erethi/.ontid   rodent   in  an 

Arizona  fauna,  and  is  also  one  of  (lie  earliest  occurrences  in  North 
America. 
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I   I 

Fig.  7. — Coendou  stirtoni,  UALP  4912,  M1,  occlusal  view,  scale  =  .5  mm. 

Order  PROBOSCIDEA  Illiger,  1811 
Family  GOMPHOTHERIIDAE  Cabrera,  1929 

?Stegomastodon 

Referred  material. — UALP  2441a  tusk  fragment;  2441b  M3. 
Description. — Tusk  fragment  in  very  poor  condition;  bears  no  trace  of 

enamel;  M3  quite  worn,  also  in  rather  poor  condition;  two  anterior  roots  well 
developed;  principle  cusps  exhibit  little  alternation. 

Discussion. — The  presence  of  spiral  enamel  bands  around  the 
tusks  is  characteristic  of  the  genus  Cuvieronius.  Their  absence  is 
the  basis  for  the  tentative  referral  of  the  Wolf  Ranch  specimens  to 
the  genus  Stegomastodon.  It  should  be  noted,  however,  that  the 
absence  of  enamel  may  be  due  to  spalling  or  simply  to  the  original 
position  of  the  fragment  within  the  body  of  the  tusk. 

Order  PERISSODACTYLA  Owen,  1848 
Family  EQUIDAE  Gray,  1821 
Nannippus  phlegon  (Hay,  1899) 

Referred  material— UALP  4932  L  and  P.;  4933  P;-.,;  2434a  1VM3;  4929 
M3;  4930  metatarsus;  4931  distal  portion  of  femur. 

Description. — Dental  nomenclature  as  defined  by  Skinner  (1972);  teeth  ex- 
hibit extreme  hypsodonty;  lower  premolars  molariform,  and  bear  larger  post- 

flexid  and  preflexid  than  do  lower  molars;  molars  not  so  wide  as  premolars; 
ectoflexid  deep,  almost  in  contact  with  linguaflexid;  metaconid  larger  than 
metastylid;  parastylid  incipient;  labial  borders  of  protoconid  and  hypoconid 
curved. 

Discussion. — Nannippus  is  known  from  several  localities  in  the 
San  Pedro  Valley  and  other  areas  of  southern  Arizona.  The  genus 
is  well  represented  in  the  Flat  Tire  fauna  of  111  Ranch  as  well  as 
in  the  more  widely  known  Benson  fauna. 
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Equus  (Dolichohippus)  simplicidens  Cope,  1892 

Referred  material.— U ALP  2434g  P.;  4934  P;1-M3. 
Description. — Dental  nomenclature  as  defined  by  Skinner  (1972);  lower 

cheek  teeth  high  crowned  and  slightly  convex  lingually  with  very  little  antero- 
posterior curvature;  labial  borders  of  protoconid  and  hypoconid  flat;  entoconid 

square  in  premolars,  becoming  more  rounded  in  molars;  pli  caballinid  more 

pronounced  in  premolars  than  in  molars;  in  premolars  metaconid  and  proto- 
conid united  by  plain  isthmus;  in  molars  metaconid  and  protoconid  united  by 

antroistfamus,  hypoconid  and  metastylid  united  by  postisthmus,  and  metaconid 
and  metastylid  united  by  metaisthmus;  postflexid  large  and  elongated  with 
anterior  end  flexed  lingually  in  premolars;  postflexid  smaller  in  molars  and 
anterior  end  flexed  slightly  in  Ma  (Fig.  8). 

Discussion. — The  arrangement  of  the  four  principal  cusps  of  the 
lower  molars  corresponds  to  that  described  by  Skinner  (Skinner, 
Ilibbard,  et  al.,  1972)  for  his  new  taxonomic  combination,  E.  (D.) 

simplicidens.  The  presence  of  an  antro-isthmus,  meta-isthmus,  and 
postisthmus  in  the  lower  molars  separates  Dolichohippus  from 
Hemionus. 

Order  ARTIODACTYLA  Owen,  1848 
Family  CAMELIDAE  Gray,  1821 

cf.  Camelops 

Referred  material. — UALP  2434c  tooth  fragment;  4927  incomplete  meta- 
tarsal shaft. 

Description. — Tooth  fragment  consists  of  enamel  sheet  which  forms  labial 
selene  of  paracone  of  Ms;  metatarsal  shaft  moderately  heavy  and  retains  neither 
proximal  nor  distal  articular  surface. 

Discussion. — The  crown  height  of  the  tooth  fragment  and  the 
dimensions  of  the  metatarsal  shaft  suggest  a  large  camel,  most 
probably  Camelops.  The  metatarsal  is  somewhat  more  robust  than 
in  Megatylopus,  and  the  tooth  fragment  indicates  a  higher  degree 
of  hypsodonty  than  is  common  in  Megatylopus. 

DISCUSSION 
The  Benson  fauna  was  held  by  Gazin  (1942)  to  be  Blancan  in 

age  and  somewhat  younger  than  the  Curtis  Ranch  fauna.  Table  1 
lists  the  occurrence  of  Wolf  Ranch  taxa  in  the  Benson  and  Gurtis 

Ranch  faunas.  Of  (he  seventeen  taxa  identified  to  specific-  level, 
lour  arc  shared  only  with  the  Benson  fauna,  four  are  shared  only 

with  the  Gurtis  Bancli  fauna,  two  are  shared  with  both  the  Benson 

Flic.  8. 
view,  scale 

Equtu  (Dolichohippus) 
I  ( in. 

simplicidens,  UALP  4934,  Ps-Ma,  occlusal 
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Table  1. — Occurrence  of  Wolf  Ranch  Taxa  in  the  Benson  And 
Curtis  Ranch  Faunas. 

Wolf  Ranch  Fauna  Benson  Curtis  Ranch 

Simonycteris  stocki  X 
Notolagus  cf.  lepusculus 
Nekrolagus  progressus 
Spermophilus  bensoni  X 
Geomys  (N.)  persimilus  X 
Perognathus  pearlettensis 
Perognathus  gidleyi 
Prodipodomys  idahoensis 
Peromyscus  sp.  X 
Baiomys  brachygnathus  X 
Baiomys  minimus  X 
Onychomys  bensoni  X 
Bensonomys  arizonae  X  X 
Sigmodon  minor  X  X 
Sigmodon  curtisi  X 
Neotoma  (H.)  sp.  X 
Coendou  stirtoni 

PStegomastodon  X 
Nannippus  phlegon  X 
Equus  (D.)  simplicidens 
Camelops  X 

and  Curtis  Ranch  faunas,  and  seven  are  restricted  to  the  Wolf  Ranch 
fauna.  The  four  taxa  identified  only  to  generic  level  are  all  shared 
with  Curtis  Ranch.  Faunal  evolution  indicates  that  the  Wolf  Ranch 
fauna  is  intermediate  between  the  Benson  fauna  and  the  Curtis 

Ranch  fauna.  The  Sigmodon  chronocline,  in  particular,  supports 
this  interpretation. 

The  paleomagnetic  history  of  the  Pliocene-Pleistocene  deposits 
in  the  San  Pedro  Valley  has  been  investigated  by  Johnson,  Opdyke, 

and  Lindsay  (1975).  The  Benson  fauna  occurs  in  normally  mag- 
netized sediments  recording  the  Gauss  magnetic  epoch  and  has  been 

dated  at  3.08  m.y.  The  Curtis  Ranch  fauna  occurs  in  reversely 
magnetized  sediments  recording  the  Matuyama  magnetic  epoch 
and  has  been  dated  at  1.86  m.y.  The  Wolf  Ranch  fauna  occurs  in 

normally  magnetized  sediments  directly  beneath  reversely  mag- 
netized sediments  interpreted  as  the  Gauss-Matuyama  boundary. 

This  boundary  has  been  dated  at  2.45  m.y.  The  stage  of  evolution 

and  magnetic-polarity  stratigraphy  indicate  an  age  of  late  Blancan 
for  the  Wolf  Ranch  fauna. 

Summary 

The  Wolf  Ranch  fauna  from  the  St.  David  Formation  of  south- 

eastern Arizona  consists  of  twenty-one  taxa,  primarily  small  mam- 
mals.  The  presence  of  Coendou  constitutes  the  earliest  occurrence 
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Equus  (Dolichohippus)  simplicidens  Cope,  1892 

Referred  material.— U ALP  2434g  Ps;  4934  Pa-M3. 
Description. — Dental  nomenclature  as  defined  by  Skinner  (1972);  lower 

cluck  teeth  high  crowned  and  slightly  convex  lingually  with  very  little  antero- 
posterior curvature;  labial  borders  of  protoconid  and  hypoconid  flat;  entoconid 

square  in  premolars,  becoming  more  rounded  in  molars;  pli  caballinid  more 

pronounced  in  premolars  than  in  molars;  in  premolars  metaconid  and  proto- 
conid united  by  plain  isthmus;  in  molars  metaconid  and  protoconid  united  by 

antroisthnius.  hypoconid  and  metastylid  united  by  postisthmus,  and  metaconid 
and  metastylid  united  by  metaisthmus;  postflexid  large  and  elongated  with 
anterior  end  flexed  lingually  in  premolars;  postflexid  smaller  in  molars  and 
anterior  end  flexed  slightly  in  Ms  (Fig.  8). 

Discussion. — The  arrangement  of  the  four  principal  cusps  of  the 
lower  molars  corresponds  to  that  described  by  Skinner  (Skinner, 
Hibbard,  et  al.,  1972)  for  his  new  taxonomic  combination,  E.  (D.) 

simplicidens.  The  presence  of  an  antro-isthmus,  meta-isthmus,  and 
postisthmus  in  the  lower  molars  separates  Dolichohippus  from 
Hemionus. 

Order  ARTIODACTYLA  Owen,  1848 
Family  CAMELIDAE  Gray,  1821 

cf.  Camelops 

Referred  material. — UALP  2434c  tooth  fragment;  4927  incomplete  meta- 
tarsal shaft. 

Description. — Tooth  fragment  consists  of  enamel  sheet  which  forms  labial 
selene  of  paracone  of  Ms;  metatarsal  shaft  moderately  heavy  and  retains  neither 
proximal  nor  distal  articular  surface. 

Discussion. — The  crown  height  of  the  tooth  fragment  and  the 
dimensions  of  the  metatarsal  shaft  suggest  a  large  camel,  most 
probably  Camelops.  The  metatarsal  is  somewhat  more  robust  than 
in  Megatylopus,  and  the  tooth  fragment  indicates  a  higher  degree 
of  hypsodonty  than  is  common  in  Megatylopus. 

DISCUSSION 

The  Benson  fauna  was  held  by  Gazin  (1942)  to  be  Blancan  in 
age  and  somewhat  younger  than  the  Curtis  Ranch  fauna.  Table  1 
lists  (lie  occurrence  of  Wolf  Ranch  taxa  in  the  Benson  and  Curtis 

Ranch  Faunas.  Of  the  seventeen  taxa  identified  to  specific  level, 
f"iir  are  shared  only  with  the  Benson  fauna,  four  are  shared  only 
with  the  Curtis  Ranch  Fauna,  two  are  shared  with  both  the  Benson 

l'i'..  S.    -Equus  (Dolichohippus)  simplicidens,  UALP  4934,  Ps-Ma,  occlusal view,  scale  =  1  cm. 
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Table  1. — Occurrence  of  Wolf  Ranch  Taxa  in  the  Renson  And 
Curtis  Ranch  Faunas. 

Wolf  Ranch  Fauna  Benson  Curtis  Ranch 

Simony cteris  stocki  X 
Notolagus  cf.  lepusculus 
Nekrolagus  progressus 
Spermophilus  bensoni  X 
Geomys  (N.)  persimilus  X 
Perognathus  pearlettensis 
Perognathus  gidleyi 
Prodipodomys  idahoensis 
Peromyscus  sp.  X 
Baiomys  brachygnathus  X 
Baiomys  minimus  X 
Onychomys  bensoni  X 
Bensonomys  arizonae  X  X 
Sigmodon  minor  X  X 
Sigmodon  curtisi  X 
Neotoma  (H.)  sp.  X 
Coendou  stirtoni 
PStegomastodon  X 
Nannippus  phlegon  X 
Equus  (D.)  simplicidens 
Carnelops  X 

and  Curtis  Ranch  faunas,  and  seven  are  restricted  to  the  Wolf  Ranch 
fauna.  The  four  taxa  identified  only  to  generic  level  are  all  shared 
with  Curtis  Ranch.  Faunal  evolution  indicates  that  the  Wolf  Ranch 
fauna  is  intermediate  between  the  Benson  fauna  and  the  Curtis 

Ranch  fauna.  The  Sigmodon  chronocline,  in  particular,  supports 
this  interpretation. 

The  paleomagnetic  history  of  the  Pliocene-Pleistocene  deposits 
in  the  San  Pedro  Valley  has  been  investigated  by  Johnson,  Opdyke, 

and  Lindsay  (1975).  The  Benson  fauna  occurs  in  normally  mag- 
netized sediments  recording  the  Gauss  magnetic  epoch  and  has  been 

dated  at  3.08  m.y.  The  Curtis  Ranch  fauna  occurs  in  reversely 
magnetized  sediments  recording  the  Matuyama  magnetic  epoch 
and  has  been  dated  at  1.86  m.y.  The  Wolf  Ranch  fauna  occurs  in 

normally  magnetized  sediments  directly  beneath  reversely  mag- 
netized sediments  interpreted  as  the  Gauss-Matuyama  boundary. 

This  boundary  has  been  dated  at  2.45  m.y.  The  stage  of  evolution 

and  magnetic-polarity  stratigraphy  indicate  an  age  of  late  Blancan 
for  the  Wolf  Ranch  fauna. 

Summary 

The  Wolf  Ranch  fauna  from  the  St.  David  Formation  of  south- 

eastern Arizona  consists  of  twenty-one  taxa,  primarily  small  mam- 
mals.  The  presence  of  Coendou  constitutes  the  earliest  occurrence 
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of  an  erethizontid  rodent  in  an  Arizona  fauna  and  one  of  the  earliest 
occurrences  in  North  America. 

Four  populations  of  Sigmodon  minor,  one  from  the  Benson 
fauna,  two  from  the  Wolf  Ranch  fauna,  and  one  from  the  Curtis 
Ranch  fauna  form  a  chronocline.  The  synonymy  of  S.  medius  with 
S.  minor  is  supported.  The  temporal  interpretation  of  the  Wolf 
Ranch  fauna  is  late  Blancan. 
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REPRODUCTION  IN  MARGINAL  POPULATIONS  OF 

THE  HISPID  COTTON  RAT  (SIGMODON  HISPIDUS) 

IN  NORTHEASTERN  KANSAS1 

By 

Leroy  
R.  McClenaghan  

Jr.  and  
Michael  

S.  Gaines2 
The  northward  extension  of  the  range  of  the  hispid  cotton  rat 

(Sigmodon  hispidus)  into  and  across  the  state  of  Kansas  has  been 

well-documented  (Rinker,  1942;  Cockrum,  1948;  Genoways  and 
Schlitter,  1967).  Because  this  species  is  subtropical  in  origin  and 
affinities  (Hooper,  1959;  Hibbard,  1960),  populations  along  the 
periphery  of  the  range  have  had  to  adapt  to  increasingly  temperate 
environments  as  they  dispersed  northward.  These  environments 
are  characterized  by  increased  seasonal  variability,  lower  winter 
temperatures,  and  protracted  periods  of  intense  cold.  Extreme  cold 
is  known  to  be  stressful  to  individuals  of  this  species  (Dunaway 
and  Kaye,  1961 )  and  is  believed  to  be  at  least  partially  responsible 
for  dramatic  winter  reductions  in  densities  observed  in  cotton  rat 

populations  (Gier,  1967;  Hoffmann  and  Jones,  1970;  Fleharty  et  al., 
1972). 

Climatic  conditions  in  Lawrence,  Kansas,  are  harsh  for  a  large 
portion  of  the  year  and  may  be  extremely  severe  for  several  days 
at  a  time.  The  ecological  marginality  of  this  locality  for  Sigmodon 
hispidus  is  further  suggested  by  the  occurrence  of  local  extinctions 
of  cotton  rat  populations  in  the  area  (Gier,  1967;  Fleharty  et  al., 
1972;  N.A.  Slade,  pers.  comm. ). 

1  This  study  is  part  of  a  dissertation  submitted  by  L.R.M.  in  partial  ful- 
fillment of  the  requirements  for  the  degree  of  Doctor  of  Philosophy  in  the 

Department  of  Systematics  and  Ecology,  University  of  Kansas. 

2  Department  of  Systematics  and  Ecology,  University  of  Kansas,  Lawrence, 
KS  66045  (Present  address  of  L.R.M. :  Department  of  Biology,  San  Diego 
State  University,  San  Diego,  CA  92182). 
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In  marginal  environments,  a  reproductive  strategy  in  S.  hispidus 
should  be  evolved  which  will  maximize  reproductive  success  by 

counteracting  the  effects  of  environmental  stress  and  unpredicta- 
bility.  Randolph  et  aJ.  ( 1977)  have  described  energy  costs  of  repro- 

duction in  S.  hispidus  and  have  discussed  the  importance  of  energy 
allocation  as  a  component  of  the  reproductive  strategy  of  the  species 

in  temperate  regions.  In  this  paper,  we  shall  examine  other  mech- 
anisms by  which  reproductive  success  in  marginal  populations  of 

cotton  rats  may  be  enhanced.  These  mechanisms  include :  increased 
litter  size,  alteration  of  sex  ratio  to  favor  females,  and  lowering  of 
the  age  at  sexual  maturity.  We  shall  then  compare  reproduction  in 
S.  hispidus  in  northeastern  Kansas  with  patterns  of  reproduction  in 
cotton  rat  populations  from  other  geographic  areas  (Haines,  1961; 
Goertz,  1965a,  b). 

Materials  and  Methods 

Monthly  samples  of  Sigmodon  hispidus  were  taken  for  one  year 
(May  1972  through  April  1973)  from  six  sites  in  Douglas,  Jefferson, 
and  Leavenworth  Counties  in  Kansas.  These  sites  are  within  a 

20  mile  radius  of  Lawrence  in  northeast  Kansas.  A  trapline  of 

between  40  and  100  Sherman  live-traps  baited  with  crimped  oats 
was  set  at  each  site.  Traps  were  set  continuously  for  three  nights 
and  were  checked  every  morning  and  afternoon,  with  captured 
animals  being  removed  as  they  were  encountered.  Each  area  was 
trapped  at  three-month  intervals  to  minimize  the  effect  of  the 
removal  of  animals  from  the  population.  Monthly  abundance 
estimates  were  obtained  by  calculating  the  number  of  individuals 
captured  per  100  trap  nights  in  each  monthly  sample.  A  total  of 
384  cotton  rats  were  captured. 

Trapping  sites  are  best  described  as  old-fields  of  cultivated 
brome  (Bromus  inermis)  in  early  stages  of  secondary  succession. 
Other  common  plant  species  inhabiting  these  sites  include  switch 
grass  (Panicum  virgatum),  golden  rods  (Solidago  spp.J,  cord  grass 
(Spartina  pectinata),  and  the  common  sunflower  (Helianthus  an- 
imus). 

Following  capture,  all  animals  were  brought  into  the  laboratory, 
where  they  wore  euthanized,  weighed,  measured,  and  then  frozen. 
\i  autopsy,  the  following  data  were  recorded  for  females:  (1) 
relative  size  of  mammae;  (2)  condition  of  the  pubic  symphysis; 
(3)  condition  of  the  vaginal  orifice;  (4)  number  of  placental  scars; 
5  number  ol  embryos;  (6)  embryo  weight  and  crown-rump 

length;  (7)  condition  of  the  uterus;  (8)  number  of  corpora  lutca; 
and  (9)  presence  or  absence  of  corpora  albicantia.  In  addition, 
females  were  classified  as  to  previous  reproductive  experience  as 
follows:  (  1  )  nulliparOUS — having  DO  embryos,  placental  scars,  and 

not   laclatiiig;   (2)   prinu'parous — having  one  set  of  placental  scars 
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and  corpora  albicantia,  or  having  embryos  and  corpora  lutea  but 
no  scars  or  corpora  albicantia;  and  (3)  multiparous — having  more 
than  one  set  of  placental  scars,  or  having  embryos,  corpora  albi- 

cantia, and/ or  scars.  Males  were  examined  for  the  following:  (1) 
testes  position;  (2)  testes  weight  and  length;  (3)  weight  and  length 
of  the  vesicular  glands;  and  (4)  the  presence  or  absence  of  con- 

voluted tubules  in  the  epididymis. 

Results 

Fluctuations  in  density. — Because  reproductive  changes  are 
closely  associated  with  density  changes  in  small  mammal  popula- 

tions (Krebs,  1966;  Keller  and  Krebs,  1970;  Rose,  1974),  we  ex- 
amined changes  in  abundance  of  Sigmodon  hispidus  in  northeastern 

Kansas  over  the  course  of  the  study.  Monthly  estimates  of  abun- 
dance are  shown  in  Fig.  1.  Cotton  rat  abundance  fluctuated  mark- 

edly during  the  study;  peaks  in  abundance  were  observed  in  the 
spring  and  fall.  There  was  a  slight  summer  decline  in  abundance 
and  a  very  precipitous  winter  decline.  Cotton  rats  were  present  in 
all  months  of  the  year,  although  they  were  only  rarely  captured  in 
the  late  winter  months.  A  similar  pattern  of  density  changes  has 
been  observed  by  N.  Slade  (pers.  comm. )   during  a  demographic 
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Fig.  1. — Changes  in  relative  abundance  of  Sigmodon  hispidus  populations 
estimated  by  live-trap  catches  at  six  areas  in  Douglas,  Jefferson  and  Leaven- 

worth counties,  Kansas. 
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study  of  a  cotton  rat  population  on  the  Nelson  Environmental  Study 
Area. 

Patterns  of  breeding  activity. — The  proportions  of  males  and 
females  in  breeding  condition  were  calculated  for  each  month  to 
determine  temporal  changes  in  population  breeding  activity.  Males 
were  judged  to  be  fertile  if  the  epididymal  tubules  were  convoluted 
rather  than  looped  (Jameson,  1950).  Reproductive  activity  in 
females  was  determined  by  monthly  pregnancy  rates  based  on  the 
proportion  of  females  weighing  more  than  50  g  that  were  pregnant. 
One  45g  female  in  the  June  sample  was  pregnant,  but  this  would 
appear  to  be  an  exceptional  case  based  on  the  weights  at  first 

reproduction  observed  in  this  study  and  reported  by  other  investi- 
gators (Meyer  and  Meyer,  1944;  Odum,  1955;  Goertz,  1965a).  The 

percentages  of  males  and  females  breeding  in  each  month  are  shown 
in  Fig.  2.  The  breeding  season  for  Sigmodon  hispidus  is  seven 

months  in  duration  and  coincides  with  the  normal  frost-free  period 
in  northeastern  Kansas  (April  to  November).  Significant  differences 

in  breeding  activity  between  months  were  observed  in  males  (x2  = 
79.4;  df  =  11;  P  <  .005)  and  in  females  (x2  =  46.8;  df  =  11;  P-< 
.005).  Temporal  changes  in  breeding  activity  in  males  and  females 

appear  to  be  synchronous,  although  males  maintain  breeding  con- 
dition later  into  the  fall  and  become  reproductive  earlier  in  the 

spring  than  do  females. 

Female  breeding  activity  changes  closely  paralleled  changes  in 
density  shown  in  Fig.  1.  Peaks  in  breeding  activity  in  May  and 
September  were  reflected  in  the  peak  densities  observed  in  June- 
July  and  November,  and  the  July  decline  in  reproduction  occurred 
just  prior  to  the  decline  in  numbers  in  August.  There  was  no 
breeding  activity  during  the  winter  months,  as  evidenced  by  the 
lack  of  pregnant  or  laetating  females  during  this  period. 

The  pattern  of  breeding  activity  in  males  (Fig.  2)  is  supported 
by  changes  observed  in  average  testicular  weight.  The  relative  size 
of  the  testes  was  calculated  by  dividing  the  testes  weight  by  the 
1  )•)(!>•  weight.  Average  testes  weights  (mg)  per  lOg  of  body  weight 
for  eaeh  monthly  sample  are  presented  in  Fig.  3.  The  largest 
average  testicular  sizes  occurred  in  June,  August,  and  September. 
These  months  were  also  months  of  peak  reproductive  activity  as 
determined  by  the  proportions  of  fertile  males  present  (see  Fig.  2). 
Testicular  regression  began  in  the  early  fall  (October).  Smallest 
testes  size  was  observed  in  December  and  the  average  testes  size 
at  that  time  was  only  l/30th  the  size  of  testes  observed  in  Septem- 

ber. Testes  weigh!  increased  in  the  small  January  and  February 
samples.  By  April,  average  testes  weight  was  over  7()0mg/10g  as  the 
breeding  season  began. 

Change8  in  sex  ratio. — One  mechanism  by  which  reproductive 
output  can  he  increased  is  through  the  skewing  of  the  sex  ratio  of 
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Fig.  2.— Monthly  proportions  of  males  and  females  in  breeding  condition 
observed  in  Sigmodon  hispidus  populations  in  northeastern  Kansas. 

a  population  in  favor  of  females.  In  this  study,  males  were  more 
abundant  than  females,  with  221  males  (57.77%)  and  163  females 

(42.2%)  being  captured  over  the  12  month  study  period.  This  dif- 

ference is  highly  significant  (x2  —  8.76;  P  <  .005).  Sex  ratio  was 
found  to  fluctuate  from  month  to  month.  Ratios  favoring  males  were 

observed  in  the  winter  and  fall.  Although  only  one  of  these"  ratios 
was  statistically  different  from  1:1  (June),  the  trend  favoring  males 
in  the  winter  was  consistent.    However,   as  the  breeding  season 
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progressed,  sex  ratios  became  more  equitable  with  equal  numbers 
of  males  and  females  being  observed. 

Changes  in  uterine  Utter  size. — Pregnant  females  were  separated 
into  primiparous  and  multiparous  groups  to  analyze  changes  in 
uterine  litter  size.  Uterine  embryo  counts  were  made  for  each  parity 
group  within  each  monthly  sample  containing  pregnant  females. 
The  mean  numbers  of  embryos  for  each  parity  class  in  each  month 

are  given  in  Table  1.  One-way  analysis  of  variance  (Sokal  and 
Rohlf,  1969)  indicates  that  the  average  number  of  embryos  per 
pregnant  female  did  not  vary  significantly  from  month  to  month 
for  primiparous  females  (Fs  =  1.49;  df  =  6,  20;  P  <  .10)  or  for 
multiparous  females  (Fs  =  1.41;  df  =  6,  36;  P  <  .10).   However, 
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the  average  uterine  litter  size  for  all  multiparous  females  was 
significantly  larger  than  that  for  all  primiparous  females  (ts  =  3.93; 
df  =  68;  P  <  .001 ) .  Significant  correlations  were  also  observed 
between  litter  size  and  body  length  (r  =  .26,  df  =  68;  P  <  .05) 
and  between  litter  size  and  body  weight  (r  =  0.37;  df  =±  68;  P  < 
.01).  The  average  uterine  litter  size  for  all  females  was  9.04  ±  0.31. 

Prenatal  mortality. — From  autopsy  of  female  reproductive  tracts, 
it  is  possible  to  quantify  prenatal  mortality  of  two  types.  First, 
differences  in  the  number  of  corpora  lutea  and  the  number  of 

implantation  sites  provides  a  measure  of  pre-implantation  loss. 
Partial  post-implantation  mortality  ( excluding  whole-litter  loss )  can 
be  determined  by  counting  the  number  of  embryos  being  resorbed. 
Table  1  provides  monthly  estimates  of  the  percentage  of  ova  lost 
via  pre-implantation  mortality  and  the  percentage  of  embryos  lost 
through  resorption.  Low  levels  of  both  pre-  and  post-implantation 
mortality  were  observed.  Variation  between  months  was  non- 

significant for  pre-implantation  mortality  (x2  —  2.44;  df  =  6;  P  < 
.5)  and  for  post-implantation  mortality  (x2  =  5.26;  df  =  6;  P  < 
.10).  No  month  showed  a  loss  of  ova  in  excess  of  2%  and  the  average 
loss  over  all  months  was  1.21%.  An  average  loss  due  to  resorption  of 

4.10%  was  slightly  higher  than  that  for  pre-implantation  morality  but 
in  no  month  was  post-implantation  loss  greater  than  6%.  There  is 
no  discernible  pattern  of  prenatal  mortality  with  respect  to  either 
season  or  population  density. 

Median  weight  at  sexual  maturity. — Following  the  method  of 
Leslie  et  al.  (1945),  a  median  weight  at  sexual  maturity  was  cal- 

culated. Although  some  inaccuracy  is  inherent  in  using  weight  as 
a  measure  of  age  in  S.  hispidus  (Chipman,  1965),  we  feel  that 
weight  should  allow  sufficient  accuracy  to  obtain  evidence  for  any 
seasonal  trends  in  age  at  sexual  maturity. 

Animals  captured  were  separated  according  to  sex  and  then 
grouped  by  20g  weight  intervals  into  four-month  periods.  Female 
weights  were  adjusted  for  all  pregnant  females  by  subtracting  the 
weight  of  the  uterus  and  embryos.  The  percentage  of  sexually 
mature  individuals  was  calculated  for  each  weight  class  within  a 
time  interval.  These  percentages  were  then  converted  to  probit 
values  and  plotted  against  the  logarithm  of  average  weight  of 
individuals  in  each  weight  class.  A  straight  line  is  fitted  and  an 
estimated  weight  at  which  50%  of  the  sample  was  sexually  mature 
and  a  standard  error  of  this  estimate  were  calculated.  The  interval 

for  March  1973  to  June  1973  was  not  included  in  the  analysis  because 
the  small  sample  size  of  this  interval  resulted  in  an  indeterminant 
regression.  The  median  weights  at  sexual  maturity  for  males  and 
females  and  their  standard  errors  are  given  in  Fig.  4. 

Despite  some  rather  large  standard  errors  resulting  from  small 
sample  sizes  in  some  intervals,  there  is  a  trend  towards  an  increasing 
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Table  1. — Average    number    of    embryos    for    multiparous    and    primiparous 
Signwdon  females  and  estimates  of  pre-  and  post-implantation  mortality 

during  the  breeding  season.    Sample  sizes  are  in  parenthesis. May 

1972 
June     July 
1972    1972 

Aug 

1972 

Sept 

1972 
Oct 
1972 April  Total 1973 

Mean  embryos  per  multi- 
parous females 

8.67 
(3) 

11.17     9.14 
(12)       (7) 

8.50 
(2) 

9.80 

(5) 

10.17 

(12) 

7.00     9.91 

(2)     (43) 
Mian  embryos  per  primi- 

parous females 
6.50 
(2) 

8.29     7.67 

(7)       (6) 
8.80 

(5) 

5.00 
(1) 

7.40 
(5) 

4.00     7.67 

(1)     (27) 
%  Ova  lost 2.43 

(41) 
1.49     1.74 

(202)  (115) 

1.61 

(62) 

0.00 

(57) 

0.60 

(167) 

0.00     1.21 

(18)  (662) 
!t  Embryos  resorbed 2.50 

(40) 

4.48    2.65 
(201) (113) 

0.00 
(61) 

5.26 
(57) 

5.92 
(169) 

5.55     4.10 

(18)  (659) 

weight  at  sexual  maturity  as  the  breeding  season  progressed. 
Throughout  the  breeding  season,  both  sexes  showed  this  pattern 

and  both  males  and  females  became  sexually  mature  at  approx- 
imately the  same  weight. 

Average  body  weight. — The  reproductive  potential  of  a  popula- 
tion is  largely  a  function  of  the  age  structure  of  the  population. 

Since  this  age  structure  is  rarely,  if  ever,  static,  it  is  necessary  to 
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FlG.  I.  Median  weights  at  sexual  maturity  in  males  and  females  in  Sig- 
modon  hlspidus.  N  is  the  number  in  each  time  interval  from  which  the  estimate 
was  obtained. 
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consider  changes  in  age  structure  and  how  these  changes  might 

affect  reproductive  activity.  For  this  study,  body  weight  distribu- 
tions were  determined  for  each  four-month  interval,  again  deleting 

the  March  1973- June  1973  interval  because  of  sample  size.  Distribu- 
tions for  males  and  females  are  given  in  Fig.  5.  In  contrast  to  the 

pattern  exhibited  by  median  weight  at  sexual  maturity,  average  body 
weight  for  both  males  and  females  showed  a  marked  decrease  as 
the  breeding  season  progressed.  Thus,  the  age  structure  of  the 
cotton  rat  population  shifted  towards  greater  proportions  of  juvenile 
and  sub-adult  animals  during  the  breeding  season. 

Discussion 

Cotton  rat  populations  from  a  number  of  areas  in  the  United 
States  have  been  shown  to  undergo  annual  cycles  in  abundance 
which  appear  to  be  associated  with  local  climatic  conditions 
(Odum,  1955;  Haines,  1961,  1963,  1971;  Goertz,  1964;  Fleharty 
et  al,  1972;  Joule  and  Cameron,  1974,  1975)  and  habitat  quality 
( Goertz,  1964 ) .  This  annual  cycle  is  characterized  by  peak  densities 
in  the  fall,  a  winter  decline,  and  increasing  numbers  in  the  spring 
and  summer.  This  general  pattern  was  observed  in  this  study  for 
S.  hispidus  in  northeastern  Kansas.  Abundance  was  lowest  in  the 
early  spring,  and  it  increased  through  the  summer  until  peak 
abundance  was  reached  in  the  fall.  A  dramatic  reduction  in 

abundance  was  coincident  with  the  onset  of  winter  and  was  prob- 
ably initiated  by  the  cessation  of  breeding  activity.  This  decline 

undoubtedly  was  accelerated  by  severe  winter  weather.  "Cold 
weather  starvation"  ( Howard,  1951 )  may  have  been  a  major  source 
of  winter  mortality  since  cotton  rats  are  not  known  to  hoard  food 
(Dewsbury,  1970)  and  extreme  cold  temperatures  restrict  foraging 
activity  (Goertz,  1964).  Although  hard  data  from  this  study  are 
lacking,  predation  may  also  have  contributed  significantly  to  this 
decline  in  abundance  ( Wiegert,  1972 ) . 

Reproductive  activity  was  also  observed  to  fluctuate  seasonally, 
with  the  breeding  season  restricted  to  the  seven  months  of  the 

year  that  are  normally  frost-free  ( April  to  November ) .  Changes  in 
breeding  activity  were  closely  associated  with  abundance  changes. 
Abundance  peaks  were  preceded  by  periods  of  intense  breeding 
activity  and  periods  of  low  breeding  activity  were  followed  by 
reductions  in  abundance.  Changes  in  breeding  activity  (Fig.  2) 
may  also  be  indicative  of  shifts  in  population  age  structure  (Fig.  5). 
For  example,  the  decrease  in  breeding  activity  observed  in  July 
may  reflect  the  shift  from  a  population  composed  largely  of  older, 
sexually  active  individuals  (spring  population)  to  one  in  which  a 
large  proportion  of  the  individuals  in  the  population  are  young, 
sexually  immature  animals  born  in  the  spring  and  early  summer. 
In  contrast,  Haines   (1961)  observed  ovulation  the  year  round  in 
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Fig.  5.— Body  weight  distributions  for  males  and  females  in  a  population  of 
Sigmodon  hispidus  from  northeastern  Kansas. 

cotton  rat  populations  near  Austin,  Texas,  and  maximum  testes  size 
in  February.  Goertz  ( 1965a )  has  suggested  that,  although  the 
incidence  of  pregnancy  and  breeding  activity  declines  during  the 
winter,  Sigmodon  populations  in  Oklahoma  are  also  potentially 
irruptive  throughout  the  year.  Some  winter  reproduction  also  takes 
place  in  cotton  rat  populations  from  Florida  (Bigler  and  Jenkfns, 
1975)  and  the  Gulf  Coast  of  Texas  (G.  Cameron,  pers.  comm. ), 
although  the  magnitude  of  breeding  activity  is  reduced.  Our  data 
indicate  that  the  cessation  of  breeding  activity  in  cotton  rats  in 
northeast  Kansas  was  complete.  Pregnant  and  lactating  females 

were  not  present  in  the  population  from  November  1972  to  March 
1973.  During  this  time,  males  showed  a  pronounced  testicular 
regression  and  no  fertile  males  were  eaptured  from  December  1972 
to  March  1973.  It  appears  that  under  normal  winter  conditions, 
cotton  rats  in  northeast  Kansas  are  not  capable  of  reproduction 

during  the  winter.  Whether  or  not  reproduction  occurs  during  un- 
seasonably mild  winters  in  Kansas  is  an  open  question  (Fleharty 

ei  at.,  1972).  Having  examined  temporal  changes  in  abundance  and 
associated  changes  in  breeding  activity,  we  next  consider  possible 
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mechanisms  by  which  reproductive  output  could  be  increased  in 
these  marginal  cotton  rat  populations. 

If  a  species  is  polygamous,  a  sex  ratio  favoring  females  would 

increase  a  population's  capacity  for  growth.  However,  on  a  month- 
to-month  basis,  only  June  1972  showed  a  sex  ratio  significantly  dif- 

ferent from  1:1,  and  in  this  month,  males  were  in  excess.  Biased 
sex  ratio  data  due  to  trap  type  has  been  reported  for  several  species 
of  small  mammals  (Keller,  1968;  Myers  and  Krebs,  1972)  and  S. 
hispidus  has  shown  differential  trap  response  by  weight  class  ( Joule 
and  Cameron,  1974).  However,  we  feel  that  our  three-day  trap- 

ping regime  with  removal  of  animals  as  they  were  captured  provides 
a  reasonably  accurate  sample  of  both  sexes  and  weight  classes.  The 
excess  of  males  seen  in  this  study  is  an  observation  supported  by 
other  studies  (Goertz,  1965b;  Fleharty  et  al,  1972).  One  interesting 
aspect  of  sex  ratio  in  this  study  was  the  statistically  nonsignificant 
but  consistent  trend  towards  excess  males  during  the  winter  and 
early  spring  months,  ending  with  the  significant  difference  in  June. 

As  the  breeding  season  progressed,  sex  ratios  more  closely  approx- 
imated 1:1.  Although  accurate  survivorship  data  are  not  available 

for  our  study,  the  slight  excess  of  males  seen  through  the  winter 
may  reflect  differential  survival  with  regard  to  sex.  Haines  ( 1972 ) 
reported  a  reduction  in  longevity  for  sub-adult  females  in  two 
separate  populations  of  cotton  rats  from  Texas.  However,  Goertz 
(1964)  observed  no  differences  in  male  and  female  survivorship 
during  a  winter  in  Oklahoma.  In  any  event,  equal  sex  ratios  were 
observed  during  the  major  portion  of  the  breeding  season  and  there 
was  no  evidence  of  a  shift  in  sex  ratio  to  favor  females  and  thus 

increase  the  population's  capacity  for  growth. 
From  the  uterine  litter  sizes  observed  in  this  study,  female  cotton 

rats  in  northeast  Kansas  are  the  most  fecund  yet  reported  for  the 
species  as  a  whole  ( Meyer  and  Meyer,  1944;  Odum,  1955;  Haines, 
1961;  Goertz,  1965a;  Bowdre,  1971).  Our  litter  size  data  support 

Kilgore's  (1970)  evidence  for  latitudinal  cline  for  litter  size  in  S. 
hispidus.  Clinal  variation  in  litter  size  with  both  latitude  and 
altitude  has  been  reported  in  a  variety  of  mammalian  species  ( Lord, 
1960;  Dunmire,  1960;  Keith  et  al,  1966).  It  would  appear  that  litter 
sizes  in  Kansas  cotton  rats  have  been  increased  by  natural  selection 
to  maximize  reproductive  success  (Spencer  and  Steinhoff,  1968). 

However,  this  conclusion  should  be  qualified  since  increased  repro- 
ductive effort  per  se  does  not  necessarily  maximize  reproductive 

success  or  individual  fitness.  Randolph  et  al.  (1977)  have  reported 
decreased  growth  rates  in  neonatal  cotton  rats  from  litters  that  are 
larger  than  average  and  have  pointed  out  that  relative  fitness  of  the 
young  may  be  subject  to  maternal  energetic  constraints  during 
pregnancy  and  lactation.  The  extent  to  which  energy  allocation  to 
reproduction  has  been  altered  to  accommodate  increased  litter  sizes 
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in  populations  of  S.  hispidus  from  northeast  Kansas  is  unknown. 

Some  sort  of  "trade  off"  between  litter  size  and  energy  allocation 
may  be  important  in  these  populations.  As  previously  suggested 
(Randolph  et  ah,  1977),  insights  into  the  evolution  of  litter  size 
in  cotton  rats  will  come  only  from  comparative  studies  that  include 
considerations  of  energetics  and  the  effects  of  the  various  biotic 
and  abiotic  ecological  factors  (i.e.  spatial  and  temporal  variation 
in  resources,  predation,  etc. ) . 

Cotton  rats  from  northeastern  Kansas  displayed  a  pronounced 

differential  reproductive  output  based  on  an  individual's  parity  or 
previous  reproductive  experience.  Significantly  larger  litter  sizes 

were  observed  in  multiparous  females  when  compared  to  primi- 
parous  females.  Previous  studies  dealing  with  cotton  rat  repro- 

duction (Haines,  1961;  Goertz,  1965a)  have  not  considered  this 

relationship  and  comparative  evidence  is  absent.  However,  no  sig- 
nificant differences  in  uterine  litter  size  between  primiparous  and 

multiparous  females  were  found  in  68  pregnant  females  captured 
in  July  1973  and  August  1974  from  the  states  of  Veracruz  and 
Tamaulipas,  Mexico,  nor  was  litter  size  correlated  with  either  body 
weight  or  body  length  ( McClenaghan,  unpubl.).  In  temperate 
latitudes,  environmental  factors  acting  as  sources  of  stress  may  have 
a  more  pronounced  effect  on  younger  individuals  reproducing  for 
the  first  time  and  small  litter  sizes  in  these  individuals  may  be  the 
result  of  natural  selection  operating  to  enhance  the  survival  of 
mother  and  young  ( Lack,  1954 ) . 

Goertz  (1965a)  and  Kilgore  (1970)  both  reported  seasonal 
variability  in  litter  size  in  cotton  rats  from  Oklahoma  and  Kansas, 
respectively.  In  both  these  studies  smaller  litters  were  produced  in 
the  cold  weather  months  and  larger  litters  in  warm  weather  months. 
Such  a  pattern  was  not  observed  in  this  study.  It  is  possible  that 
the  cotton  rat  population  studied  here  has  become  adapted  to  the 
environment  to  the  extent  that  litter  size  is  not  affected  by  climatic 
conditions.  It  may  also  be  that  the  results  of  Goertz  (1965a)  and 
Kilgore  (1970)  were  produced  by  the  parity-dependent  reproduc- 

tive effect  described  in  this  paper.  Cold  weather  populations, 
particularly  in  late  winter  and  early  spring,  are  likely  to  be  com- 

posed largely  of  primiparous  animals  born  the  previous  fall,  whereas 
warm  weather  populations  would  contain  a  large  proportion  of 

multiparous  females.  Thus,  a  cotton  rat  population's  potential  for 
reproductive  output  would  be  a  function  of  the  age  structure  of  the 
population  and  the  relative  proportions  of  primiparous  and  multi- 

parous females. 

Prenatal  mortality  was  generally  low  in  the  cotton  rat  populations 

monitored  in  this  study.  Pre-hnplantation  mortality  averaged  only 
1.21V  of  all  ova  produced  and,  of  those  implanted,  an  average  of 
4.10%  were   resorbed.     In   comparison,    Keller   and   Krcbs    (1970) 
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reported  pre-  and  post-implantation  losses  in  Microtus  pennsylvan- 
icus  from  Indiana  of  9.0%  and  6.4%,  respectively.  Rose  ( 1974 )  found 
these  values  to  be  9.46%  and  1.55%  in  M.  ochrogaster  in  northeast 
Kansas.  Kansas  cotton  rats  exhibited  no  seasonal  differences  in 

either  pre-  or  post-implantation  loss,  suggesting  that  neither  climatic 
nor  density  factors  play  an  important  role  in  regulating  reproductive 
output  through  prenatal  mortality. 

The  average  age  at  sexual  maturity  has  been  demonstrated  to 
be  one  of  the  most  important  parameters  determining  the  rate  at 
which  a  population  increases  in  density  (Cole,  1954).    Lewontin 
(1965)  has  shown  theoretically  that  by  reducing  the  average  age  at 

sexual  maturity  by  10%,   a  population's  potential  for  increase  is 
enhanced  by  100%.  Mayr  ( 1963 )  suggested  that  there  will  be  selec- 

tion for  an  early  age  at  sexual  maturity  following  a  rapid  decline  in 
numbers  in  microtine  rodent  populations  or  in  other  species  of 
organisms  which  are  subject  to  pronounced  decreases  in  density. 
Cotton  rat  abundance  in  northeast  Kansas  declined  rapidly  over 
the  winter,  after  reaching  a  peak  in  the  fall.    Spring  cotton  rat 
populations  are  characterized  by  low  densities  following  the  winter 
decline  and  it  was  at  this  time  that  the  lowest  median  weight  at 

sexual  maturity  was  observed.    This  finding  should  not  be  inter- 
preted as  selection  for  an  early  age  at  first  reproduction  in  spring 

cotton  rat  populations.    In  fact,  these  populations  are  composed 
entirely  of  individuals  that  have  survived  the  winter  and  are,  thus, 
at  least  four  months  old.  Rather,  this  illustrates  the  fact  that  cotton 
rats  frequently  lose  weight  during  the  winter  even  though  they 
are  becoming  chronologically  older  ( N.A.  Slade,  pers.  coram. ) .  This 
observation  underscores  the  need  for  caution  when  using  weight  as 
a  criterion  of  age  in  studies  of  S.  hispidus.   As  the  breeding  season 
progressed,  the  median  weight  at  sexual  maturity  increased  while 
the  average  population  body  weight  decreased  (Figs.  4  and  5). 
Temporal  shifts  in  body  weight  distributions  like  those  observed 
here  have  been  reported  for  S.  hispidus    in  other  studies  (Fleharty 
et  al,  1972;  Joule  and  Cameron,  1975).    Keller  and  Krebs  (1970) 
have  shown  that  median  weights  at  sexual  maturity  in  populations 
of  Microtus  pennsylvanicus  and  M.  ochrogaster  in  southern  Indiana 
are  lowest  following  a  decline  in  population  density  and  greatest 
when  the  populations  are  at  peak  densities.    This  pattern  can  be 
observed  in  Fig.  4.    At  least  part  of  the  large  increase  in  median 

weight  at  sexual  maturity  seen  in  the  November  1972-Fcbruary  1973 
interval  may  reflect  the  decrease  in  breeding  activity  in  S.  hispidus 
associated  with  the  onset  of  winter.   Occurring  concomittantly  with 
the  cessation  of  breeding  activity  in  late  fall  is  a  noticeable  change 

in  the  quality  of  resources  utilized  by  S.  hispidus.   The  fall  senes- 
cence, of  plant  species  used  as  food  by  cotton  rats  may  act  to  inhibit 

reproduction  (Negus  and  Berger,  1977).    On  the  basis  of  the  data 
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from  this  study,  it  is  difficult  to  determine  whether  the  changes  in 

median  weight  at  sexual  maturity  observed  reflected  a  density- 
related  response  or  a  response  to  changes  in  resource  quality.  It  is 
possible  that  both  these  factors  are  operating  in  concert  on  these 

populations  of  cotton  rats. 

In  summary,  several  aspects  of  reproduction  in  Sigmodon  hisp- 
idus from  northeastern  Kansas  distinguish  these  populations  from 

others  in  different  parts  of  the  species  distribution.  In  response  to  a 

shortened  breeding  season  and  a  lack  of  winter  breeding,  reproduc- 
tive output  in  terms  of  uterine  litter  size  has  been  increased  to  levels 

not  previously  reported  for  the  species.  In  addition,  individual 
reproductive  output  is  dependent  to  a  large  extent  on  previous 

reproductive  experience,  with  primiparous  females  having  signif- 
icantly smaller  litters  than  multiparous  females.  Both  these  phe- 

nomena could  be  a  result  of  natural  selection  acting  to  maximize 
reproductive  success.  Reproductive  effort  has  exceeded  winter 

losses  on  the  average,  although  severe  winters  probably  result  in 
the  extinction  of  some  local  populations.  The  end  result  of  these 

reproductive  adjustments  is  the  perpetuation  of  Sigmodon  hispidus 
in  temperate  regions  only  recently  colonized  by  the  species. 

Acknowledgements 

We  wish  to  acknowledge  Robert  K.  Rose  and  Kevin  Whittaker 

for  their  assistance  in  the  field  and  laboratory.  We  also  are  grateful 
to  James  L.  Hamrick  III,  Robert  S.  Hoffmann,  Norman  A.  Slade 

and  Max  R.  Terman  for  their  comments  and  criticisms  concerning 
our  manuscript. 

Financial  support  for  this  study  was  provided  by  grants  from 
the  National  Science  Foundation  (GB29135),  the  University  of 

Kansas  Museum  of  Natural  History  Watkins  Fund,  the  University 

of  Kansas  General  Research  Fund  (3345-5038)  and  the  University 
of  Kansas  Biomedical  Sciences  Support  Fund  (4076-5706).  A  Sum- 

mer Dissertation  Fellowship  from  the  Graduate  School  of  the 

University  of  Kansas  to  L.R.M.  facilitated  the  writing  of  this  paper. 
Computer  facilities  were  generously  provided  by  the  University  of 
Kansas  Computation  Center. 

LITERATURE  CITED 

Bicleh,  W.  J.,  Jen-kins,  j.  II.    1975,    Population  characteristics  of  Peromyscus 
g08Sypinus  and  Sigmodon  hispidus  in  tropical  hammocks  of  South  Florida. 
J.  Man, mi.  58:633-64  I. 

BOWDRE,  I,.  P.    L971.    Litter  size  in  Sigmodon  hispidus.    Southwest.  Natur.  16; 
120-128. 

Chtpman,  R.  K.    L965.    V.ge  determination  of  the  cotton  rat  (Sigmodon  hispidus). 
TmI. H,<-  Stud  Zool.  12:  L9-38. 

C<X  km    i    I..  I..    1948.    Distribution  of  the  cotton  rat  in  Kansas.    Trans.  Kansas 
Acad.  Si  I.  51:306-312. 



REPRODUCTION  OF  THE  HISPID  COTTON  RAT  15 

Cole,  L.  C.    1954.    The  population  consequences  of  life  history  phenomena. 
Quart.  Rev.  Biol.  29:103-137. 

Dewsbury,  D.  A.    1970.    Food  hoarding  in  rice  rats  and  cotton  rats.    Psychol. 
Rep.  26:174. 

Dunmire,  W.  W.    1960.    An  altitudinal  survey  of  reproduction  in  Peromyscus. 

Ecology  41:174-182. 
Fleharty,  E.  D.,  Mares,  M.  A.,  Choate,  J.  R.    1972.    Population  fluctuations 

in  Sigmodon  hispidus:    factors  influencing  a  "crash".    Bull.  So.  California 
Acad.  Sci.  71:132-138. 

Genoways,  H.  H.,  Schlitter,  D.  A.    1967.    Northward  dispersal  of  the  hispid 
cotton  rat  in  Nebraska  and  Missouri.   Trans.  Kansas  Acad.  Sci.  69:356-357. 

Gier,  H.  T.    1967.   The  Kansas  small  mammal  census:    terminal  report.    Trans. 
Kansas  Acad.  Sci.  70:505-518. 

Goertz,  J.  W.    1964.    The  influence  of  habitat  quality  upon  density  of  cotton 
rat  populations.  Ecol.  Monogr.  34:359-381. 

Goertz,  J.  W.     1965a.    Reproductive  variation  in  cotton  rats.    Amer.   Midi. 
Natur.  74:329-340. 

Goertz,  J.  W.    1965b.   Sex,  age,  and  weight  variation  in  cotton  rats.   J.  Mamm. 
46:471-477. 

Haines,  H.    1961.    Seasonal  changes  in  the  reproductive  organs  of  the  cotton 

rat,  Sigmodon  hispidus.  Texas  J.  Sci.  13:219-230. 
Haines,  H.   1963.   Geographical  extent  and  duration  of  the  cotton  rat  Sigmodon 

hispidus,  1958-60  fluctuation  in  Texas.  Ecology  44:771-772. 
Haines,  H.   1971.  Characteristics  of  a  cotton  rat  (Sigmodon  hispidus)  population 

cycle.  Texas  J.  Sci.  23:3-27. 
Hibbard,  C.  W.    1960.    An  interpretation  of  Pliocene  and  Pleistocene  climates 

in  North  America.    62nd  Annual  Report,  Michigan  Acad.  Sci.,  Arts,  Ltrs., 

1959-1960,  pp.  5-30. 

Hoffmann,  R.  S.,  Jones,  J.  K.    1970.    Influence  of  late-glacial  and  post-glacial 
events  on  the   distribution  of  Recent   Mammals   on  the   northern   Great 

Plains,  pp.  355-394.  In  Pleistocene  and  Recent  environments  of  the  Central 
Great  Plains  (W.  Dort,  Jr.  and  J.  K.  Jones,  Jr.,  eds. ).    Spec.  Publ.  3,  Dept. 
Geol,  Univ.  Kansas,  viii  +  433  pp. 

Hooper,  E.  T.    1949.    Faunal  relationships  of  recent  North  American  rodents. 

Univ.  Michigan,  Misc.  Publ.  Mus.  Zool.  72:1-28. 
Jameson,  E.  W.,  Jr.    1950.    Determining  fecundity  in  male  small  mammals. 

J.  Mamm.  31:433-436. 
Joule,  J.,  Cameron,  G.  N.   1974.   Field  estimation  of  demographic  parameters: 

influence  of  Sigmodon  hispidus  population  structure.  J.  Mamm.  55:309-318. 
Joule,  J.,  Cameron,  G.  N.    1975.    Species  removal  studies.    I.  Dispersal  strate- 

gies   of   sympatric    Sigmodon   hispidus    and    Reithwdontomys   fulvescens 

populations.  J.  Mamm.  56:378-396. 
Keith,  L.  B.,  Rongstad,  O.  J.,  Meslow,  E.  C.    1966.    Regional  differences  in 

reproductive  traits  of  the  snowshoe  hare.    Can.  J.  Zool.  44:953-961. 

Keller,  B.  L.,  Krebs,  C.  J.    1970.    Microtus  population  biology  III.  Reproduc- 
tive changes  in  fluctuating  populations  of  M.  ochrogaster  and  M.  penn- 

sylvanicus,  in  southern  Indiana.    Ecol.  Monog.  40:263-294. 
Kilgore,  D.    1970.    The  effect  of  northern  dispersal  on  growth  rate  of  young, 

size  of  young  at  birth,  and  litter  size  in  Sigmodon  hispidus.    Amer.  Midi. 
Natur.  84:510-520. 

Krebs,  C.  J.   1966.  Demographic  changes  in  fluctuating  populations  of  Microtus 

calif ornicus.  Ecol.  Monog.  36:329-373. 
Lack,  D.   1954.   The  natural  regulation  on  animal  numbers.    Oxford  University 

Press,  Oxford.  343  pp. 



16         OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

Leslie,  P.  H.,  Perry,  J.  S.,  Watson,  J.  S.    1945.    The  determination  of  the 

median  bodv-weight  at  which  female  rats  reach  maturity.    Proc.  Zool.  Soc. 
London  115:473-488. 

Lewontin,  R.  C.     1965.    Selection  for  colonizing  ability,  p.    77-94.    In  The 
genetics  of  colonizing  species,  Academic  Press,  New  York. 

Lord,  J.,  Jr.    1960.   Litter  size  and  latitude  in  North  American  mammals.   Amer. 
Midi  Natur.  64:488-499. 

Mayh,  E.     1963.    Animal  species  and  evolution.    Belknap  Press,   Cambridge, 
Mass.  797  pp. 

Negus,  N.  C,  Berger,  P.  J.    1977.    Experimental  triggering  of  reproduction  in 

a  natural  population  of  Microtus  montanus.    Science  196:1230-1231. 
Odum,   E.    P.     1955.    An  eleven  year  history  of  a  Sigmodon  population.    J. 

Mamm.  36:368-378. 
Randolph,   P.   A.,   Randolph,  J.   C,  Mattingly,  K.,   Foster,   M.   M.     1977. 

Energy  costs  of  reproduction  in  the  cotton  rat,  Sigmodon  hispidus.   Ecology 
58:31-45. 

Rinker,  C.  G.    1942.    An  extension  of  the  range  of  the  Texas  cotton  rat  in 
Kansas.  J.  Mamm.  23:439. 

Rose,  R.  K.    1974.    Reproductive,  genetic,  and  behavioral  changes  in  popula- 
tions of  the  prairie  vole  (Microtus  ochrogaster)  in  eastern  Kansas.    Ph.D. 

thesis,  Dept.  Syst.  Ecol.,  Univ.  Kansas. 
Sokal,  R.  R.,  Rohlf,  F.  J.    1969.    Biometry.    W.  H.  Freeman  and  Co.,  San 

Francisco,  xiii  -f-  766  pp. 
Spencer,  A.  W.,  Steinhoff,  J.  W.   1968.   An  explanation  of  geographic  variation 

in  litter  size.  J.  Mamm.  49:281-286. 
Wiegert,  R.  G.    1972.    Avian  versus  mammalian  predation  on  a  population  of 

cotton  rats.   J.  Wildl.  Manage.  36:1322-1327. 



U  fV  '  MU9,  COMP.  2QOL 

£f<2,£  LIBRARY 

OCCASIONAL  PAPERS 

_p  +,  HARVARD 
OI  tne  UNIVERSITY 
MUSEUM  OF  NATURAL  HISTORY 

The  University  of  Kansas 
Lawrence,  Kansas 

NUMBER  75,  PAGES  1-20  OCTOBER  3,  1978 

AN  EARLY  MIOCENE   (ARIKAREEAN)  FAUNA 
FROM  NORTHCENTRAL  FLORIDA 

(THE  SB-1A  LOCAL  FAUNA) 

By 

David  
Frailey1 The  history  of  terrestrial  vertebrates  on  the  Florida  peninsula 

after  its  presumed  emergence  in  the  Oligocene  (White,  1942)  is 
recorded  in  beach  strand-line  deposits  and  scattered  karst  fillings 
in  the  widespread  marine  limestones  (see  Olsen,  1965,  1968,  for  a 
review  of  Tertiary  localities).  The  fragmentation  of  specimens 
inherent  in  beach  deposits  and  the  rarity  of  known  bone-bearing 
sinkholes,  either  through  their  absence  or  through  lack  of  discovery, 
has  created  a  situation  in  which  a  few  small  localities,  often  with 

poorly  preserved  specimens,  achieve  great  importance  in  any  recon- 
struction of  mid-Tertiary  faunal  diversity  in  Florida.  For  example, 

the  Late  Oligocene-Early  Miocene  North  American  Land  Mammal 
Age,  the  Arikareean,  is  presently  represented  in  Florida  by  only 
three  local  faunas :  Brooksville  ( Patton,  1967a ) ,  Franklin  Phosphate 
Pit  No.  2  (Simpson,  1930),  and  SB-1A,  the  subject  of  this  paper. 
Of  these  three,  SB-1A  has  yielded  the  most  diverse  fauna  and  the 
greater  number  of  taxonomically  useful  specimens. 

Each  of  the  three  known  Arikareean  local  faunas  of  Florida 

presents  a  slightly  different  aspect  of  faunal  diversity  in  Florida  in 
that  each  contains  elements  not  found  in  the  other  three.  SB-1A  is 
the  most  unusual  in  this  respect,  and  the  most  indicative  of  our 
present  state  of  knowledge  on  this  subject,  in  that  none  of  its  faunal 
members  (with  the  possible  exception  of  the  higher  taxon  Anchi- 
theriinae)  are  found  in  any  of  the  other  two  local  faunas;  all  are 
new  additions  to  the  Arikareean  record  of  Florida. 

1  Museum  of  Natural  History  and  Department  of  Systematica  and  Ecology, 
University  of  Kansas,  Lawrence,  KS  66045;  and,  Research  Associate,  Timber- 
lane  Research  Organization,  Route  2,  Box  212B,  Lake  Wales,  FL  33853. 
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The  SB-1A  Local  Fauna  was  first  discovered  by  Mr.  Wesley 
Hunt  during  a  routine  survey  of  quarries  in  North  Florida  in  July, 
1972.  by  the  Timberlane  Research  Organization.  A  small  amount  of 

material  was  collected  at  this  time  but  its  significance  was  over- 
looked. Shortly  thereafter,  the  site  was  rediscovered  and  brought 

to  the  attention  of  personnel  in  the  Florida  State  Museum  who  re- 
ferred to  it  as  the  Live  Oak  Locality.  Both  groups  made  sporadic 

superficial  collections  until  December,  1974,  when  Mr.  John  S. 
Waldrop  received  word  that  the  area  was  being  planned  for  use 
as  a  dump  for  compacted  garbage.  During  December,  1974,  and 
March,  1975,  with  intermittent  trips  in  between,  Mr.  Waldrop  and 
field  crews  from  the  Timberlane  Research  Organization  removed, 
washed,  and  sorted  the  material  that  forms  the  basis  of  this  study. 
Recent  work  has  not  added  to  the  taxonomic  diversity  of  the  fauna 
nor  added  to  the  representation  of  the  rarer  elements  and  justifies  a 
systematic  description  of  the  fauna  at  this  time. 

The  SB-1A  Local  Fauna  occurs  in  an  unstratified  conglomeratic 
sequence  above  the  Suwannee  Limestone  (Oligocene).  The  locality 

was  exposed  by  limestone  mining  operations  of  Florida  Rock  Prod- 
ucts, Inc.,  Shands  and  Baker  Division,  from  which  the  S  and  B  of 

the  faunal  name  is  derived.  The  site  is  located  about  one  mile  north 

of  the  small  town  of  Live  Oak,  Suwannee  County,  Florida. 

Tooth  nomenclature  follows  that  of  Szalay  (1969)  and  Patton 

and  Taylor  (1971).  All  measurements  are  in  millimeters.  "(  )" 
indicates  an  approximate  measurement.  The  following  institutional 
abbreviations  are  used:  AMNH,  American  Museum  of  Natural 
History;  CM,  Carnegie  Museum;  F:AM,  Frick  American  Mammals, 
American  Museum  of  Natural  History;  TRO,  Timberlane  Research 

Organization,  Rt.  2,  Box  212B,  Lakc>  Wales,  FL  33853;  UF,  Uni- 
versity of  Florida;  UOMNH,  University  of  Oregon,  Museum  of 

Natural  History. 
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Geology 

The  following  information  was  provided  by  Mr.  John  S.  Waldrop. 

Site  Stratigraphy. — The  general  stratigraphic  section  in  the  pit 
area  is  20  to  30  feet  of  exposed  Suwannee  Limestone  unconformably 
overlain  by  a  conglomeratic  sequence  that  is  also  20  to  30  feet  thick 
and  capped  by  a  reddish  clay  deposit  or  residuum  that  ranges  from 
0  to  7  feet  in  thickness,  excluding  sinkhole  fillings.  The  conglomer- 

atic sequence  begins  with  a  basal  bed  of  reworked  Suwannee  Lime- 
stone boulders  grading  into  an  unstratified,  poorly  sorted,  yellowish- 

white  limestone  conglomerate.  The  contact  between  the  underlying 
Suwannee  Limestone  and  the  bounder  bed  is  an  undulating  erosional 
surface.  Three  periods  of  activity,  here  referred  to  as  Zones,  are 
shown  at  the  fossil  site  itself,  as  the  main  bone  quarry  rests  on  a 
second  boulder  bed  consisting  of  boulders  3  to  4  feet  in  diameter 
and  is  overlain  by  a  third  boulder  bed.  The  three  conglomeratic 
zones  are  alternating,  irregularly  developed,  unstratified  beds  with 

cobble-sized  particles  dominant  in  one  area  and  pebble-sized 
particles  dominant  in  another.  There  does  not  seem  to  be  a  pattern 
to  the  dispersion  of  these  particles  in  the  sequence,  as  they  appear 
to  alternate  randomly  within  the  plane  of  the  bed.  The  thickness  of 
the  zones  of  the  sequence  is  highly  variable.  Zone  1,  the  lowest  bed, 
was  the  most  nearly  uniform  bed,  ranging  in  thickness  from  8  to  10 
feet.  Zone  2,  the  middle  bed,  was  observed  to  vary  between  2  and 
6  feet;  and  Zone  3,  the  upper  bed,  varied  between  3  and  15  feet  in 
the  pit  area.  At  the  fossil  site,  Zone  1  is  8  feet  thick,  Zone  2  is  4  to 
5  feet  thick,  and  Zone  3  is  15  feet  thick. 

The  vertebrate  fossils  occur  in  the  finer  matrix  of  the  unstratified, 

poorly  sorted,  yellowish-white  limestone  conglomerate  in  Zone  2. 
This  finer  matrix  consists  of  a  white  to  yellowish-white  argillaceous 
Calcarenite  with  blebs  and  stringers  of  almost  pure  green  clay  with 
white  clay  surrounding  many  of  the  larger  particles.  During  quarry 
operations  in  March,  1975,  a  small  lens  of  clay  was  encountered  in 
the  lower  part  of  the  quarry.  This  lens  was  about  2  feet  thick  and 
extended  laterally  for  about  4  feet.  The  conglomeratic  particles  are 

reworked  Suwannee  Limestone,  some  of  which  are  virtually  un- 
weathered  (although  strongly  recrystallized  as  is  the  Suwannee 
Limestone  in  this  area)  and  some  of  which  are  weathered  to  a 
limestone  saprolite.  The  white  clay  is  probably  derived  from  this 
saprolite  as  it  generally  occurs  within  crevices  in  and  surrounds 
these  saprolitic  particles  for  1  to  6  inches.  The  conglomeratic 

fraction  ranges  from  pebble-sized  to  boulder-sized  particles  with 
the  pebble  and  cobble  sized  particles  being  most  numerous.    The 
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more  strongly  recrystallized  particles  are  well  rounded  but  some 
are  angular  or  subangular  and  nearly  all  are  roughly  spheroidal  in 
shape,  although  many  show  concavities  due  to  erosion. 

The  bone  is.  overall,  very  well  permineralized  and  preserved, 
although  often  badly  broken  by  expansion  and  contraction  of  the 
clay  inside  and  around  the  bone.  A  few  bones  are  badly  weathered 
and  crumbly,  however,  and  some  were  not  collectable.    Generally, 
the  bone  in  the  white  clay  either  shows  the  least  permineralization 

or  greatest  post-depositional  weathering.  Numerous  well  perminer- 
alized angular  bone  and  tooth  fragments  occur  throughout  the  site. 

There  was  little  evidence  of  association  of  posteranial  elements  in 

the  site  and  no  eranial-posteranial  association.  In  several  instances 
associated  groups  of  c.imel  teeth  were'  found  in  their  natural 
sequence  but  without  any  trace  of  the  jawbone.  In  other  instances, 
the  jawbones  had  been  completely  shattered  but  were  in  association 
with  the  teeth.  This  shattering  appears  to  have  occurred  due  to  the 
expansion  and  contraction  of  the  clay  within  the  cavities  in  the  jaws. 
This  phenomenon  would  explain  the  extreme  rarity  of  complete 
mandibles  and  the  absence  of  the  resistant  skulls. 

The  main  fossil  quarry  is  located  in  Zone  2  although  some  bone 
fragments,  possibly  due  to  stratigraphic  leakage,  were  found  in 
Zone  1,  and  a  few  bone  fragments,  possibly  reworked,  occur  in 
Zone  3.  Neither  Zone  1  nor  Zone  3  were  found  to  be  rich  enough  to 

warrant  quarry  operations.  The  apparent  absence  or  extreme  scar- 
city of  bone  from  the  remainder  of  the  conglomeratic  sequence  has 

not  been  satisfactorily  explained.  It  should  be  pointed  out,  however, 
that  due  to  the  vertical  and  unstable  nature  of  much  of  the  pit 
wall,  continuous  direct  observation  could  not  be  made  in  the 

interest  ol  safety.  Field  observation  resulted  in  no  apparent  reason 
lor  the  concentration  of  bone  in  this  one  small  area.  Slumping  and 
heavy  vegetative  growth  have  also  hampered  research  into  this 
problem  and  the  question  is  as  yet  unresolved. 

Although  no  well  defined  bedding  planes  were  observed  by  close 
examination  dining  excavation  of  the  main  bone  quarry,  the  overall 
appearance  of  the  conglomeratic  sequence  at  a  distance  of  one-half 
mile  suggests  that  the  three  boulder  beds  are  essentially  horizontally 
bedded.  Even  though  the  zones  thicken  and  thin  and,  as  a  result, 
the  contacts  between  the  basal  boulder  beds  and  the  upper  part  of 

tin-  underlying  conglomeratic  zones  are  wavy  and  undulating,  no 
sharply  dipping  beds  or  angular  diseonlonnities  were  observed. 
Sinkhole  developmeni  was  not  apparent  within  any  of  the  zones.  The 
horizontality  ol  the  beds  was  much  more  apparent  at  a  distance, 
however,  than  close  up.  and  no  appearance  of  bedding  was  observed 
Within  any  ol  (lie  zones. 

Iln-  upper  surface  ol  the  conglomeratic  sequence  is  very  irreg- 
ular and   undulating,  but   it   has   not   been  determined   whether  this 
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was  a  naturally  undulating  erosional  surface  or  was  influenced  by 
karst  activity  or  perhaps  by  a  combination  of  the  two.  The  above 
mentioned  horizontality  of  the  beds  would  sugest  that  the  dominant 
effect  was  one  of  erosion. 

The  conglomeratic  sequence  is  unconformably  overlain  by  an 

orangeish-red  and  gray  mottled  clay  or  sandy  clay  representing  what 
is  thought  to  be  a  residuum  and  soil  profile,  but  is  possibly  a  sedi- 

mentary deposit.  This  clay  rests  upon  either  the  pebble  or  cobble 
conglomeratic  material  of  Zone  3,  depending  upon  the  size  particle 
that  is  dominant  in  that  particular  area.  The  unconformable  nature 
of  the  contact  between  this  upper  clay  and  the  upper  part  of  the 
conglomeratic  sequence,  without  the  development  of  a  weathering 
profile,  might  be  one  reason  for  considering  the  clay  a  sedimentary 
deposit  or  redeposited  residuum.  The  absence  of  a  weathering 
profile  is  puzzling  as  the  geologic  history  of  the  area  indicates  a 

long  period  of  subaerial  exposure,  a  period  of  at  least  post-Hemphil- 
lian  (Early  Pliocene).  Where  the  section  along  the  pit  wall  has 
not  been  obscured  or  disturbed  by  mining  activity,  vegetative 
growth,  or  slumping,  sinkholes  are  seen  to  be  developed  down  into 
and  through  the  conglomeratic  sequence.  These  sinkholes  are  filled 
with  a  red  or  gray  sandy  clay  or  clay  alone.  The  sinkholes  near 
the  main  quarry  that  were  studied  in  detail  are  filled  with  a  blocky, 

orangeish-red  and  gray  mottled  clay  or  sandy  clay.  The  overall  ap- 
pearance is  a  reddish  color  but  with  much  gray  locally.  As  this  clay 

seems  to  be  the  same  as  the  surface  veneer,  the  formation  of,  or  at 
least  collapse  of,  these  sinkholes  must  have  been  subsequent  to  the 
time  of  deposition  of  the  conglomeratic  sequence.  The  depth  of  the 
observed  sinkholes  ranges  from  1  to  more  than  50  feet. 

Mode  of  Formation  and  Significance  of  Deposit. — The  site  would 
seem  to  be  one  of  proximal  deposition  with  little  transport  as  evi- 

denced by  the  associated,  but  loose,  teeth.  Reworked  Suwannee 
Limestone  invertebrates  are  common  in  the  site.  These  consist  of 

casts  of  mollusks,  echinoids  and  cchinoid  spines,  and  tubes  or 
burrows  of  invertebrates.  Younger  invertebrates  arc  totally  absent. 
This  is  surprising  due  to  the  abundance  of  early  to  middle  Miocene 
mollusks  in  deposits  along  the  Suwannee  River  about  15  miles  north- 

east of  the  site  (Brooks,  1966).  A  similar  yellowish  clay  about  10 
miles  north  of  the  site  contains  numerous  silicified  specimens  of 
Ostrea  normalis  associated  with  and  stratigraphically  below  a  mid- 

dle Miocene  land  vertebrate  fauna.  Except  for  some  as  yet  uni- 
dentified frog  and  snake  remains,  the  vertebrate  fauna  from  SB-1A 

is  strictly  terrestrial.  There  is  a  definite  absence  of  freshwater  fishes, 
alligators,  and  freshwater  turtles  as  well  as  the  marine  sharks  and 
rays  that  are  common  in  many  other  Miocene  vertebrate  faunas  of 
Florida.  The  erosion  and  pitting  on  some  bone  and  many  of  the 
teeth  suggests  that  the  bone  lay  in  the  open  for  a  period  of  time 
before  being  covered. 
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The  sediments,  especially  the  cobbles  and  boulders,  suggest 
considerable  current  energy,  if  transported  by  water.  The  poorly 
sorted  sediments  indicate  rapid  transport  and  deposition.  The  total 
absence  of  any  marine  or  freshwater  animals  of  similar  age  in 
association  with  the  fauna  suggests  a  means  of  transport  other  than 
water,  although  it  is  conceivable  that  the  aqueous  environment 
could  have  been  present  without  these  forms  becoming  entombed 
within  the  sediments. 

In  a  paper  on  the  geological  history  of  the  Suwannee  River, 
Brooks  (1966)  makes  several  statements  that  might  suggest  an 
answer  to  this  seeming  paradox.  In  speaking  of  the  structures  of 

an  area  approximately  15  miles  to  the  northeast  of  SB-1A,  Brooks 
discusses  the  stratigraphic  displacement  in  the  narrow  belt  between 
the  karst  plain  and  the  high  flatland  physiographic  entities.  He  also 
suggests  the  possibility  that  this  displacement,  which  is  commonly 
60  or  more  feet,  is  due  to  faulting.  The  SB-1A  Locality  lies  very  near 
the  boundary  between  the  karst  plain,  which  the  site  is  located  upon, 
and  the  high  flatlands  just  to  the  north  and  northeast  of  the  site. 

Displacement  of  60  or  more  feet  in  the  vicinity  of  SB-1A  with -its 
attendant  mass  wasting  and  colluvial  transport,  could  provide  the 
conditions  necessary  for  the  rapid  transport  and  deposition  of  poorly 
sorted  sediments  that  contain  particles  ranging  from  clay  to  boulder 
size.  This  would  also  explain  the  extreme  varibility  in  the  dispersion 
of  particle  sizes  and  the  unstratified  nature  of  the  sediments.  The 

appearance  in  the  fauna  of  only  terrestrial  vertebrates  is  also  ex- 
plained as  is  the  absence  of  marine  or  freshwater  forms.  If  younger 

marine  sediments  were  deposited  in  this  area  they  have  since  been 
eroded,  except  perhaps  for  the  upper  clay  veneer.  It  should  be  born 
in  mind  that  definite  proof  for  this  hypothesis  is  lacking  at  present 
although  it  best  explains  this  otherwise  puzzling  catastrophe  of 
nature.  Younger  sediments  occur  at  similar  elevations  to  the  north 
and  northeast.  A  similar  widespread  catastrophe  of  a  similar  age -is 
also  present  in  south-central  Florida,  again  in  the  same  geologic 
setting.  If  this  hypothesis  can  be  proven,  then  it  indicates  that  uplift 
and  erosion  of  the  Ocala  Arch  continued  into  the  late  Early  Miocene 
and  is  perhaps  the  best  direct  evidence  for  uplift  and  erosion  of  the 
Ocala  Arch. 

SYSTEMATIC  ACCOUNTS 

Order  CARNIVORA  Bowdich,  1821 
FAMILY  AMPHICYONIDAE  Trouessart,  1885 

(  Jenus  Mammacyon  Loomis,  1936 
Mammacyon  ef.  obtusidens  Loomis,  1936 

Figs.  1A-G 
Discussion.— Familial  rank  follows  Hunt  (1972).  The  M1  (TRO 

■  VH))  of  a  large  carnivore  in  the  SB-1A  Local  Fauna  is  immediately 
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referable  to  either  Mammacyon  or  Temnocyon  on  the  characteristic 

prominence  of  three  cusps,  the  paracone,  metacone,  and  the  cen- 
trally located  protocone,  and  the  anteroposterior  expansion  of  the 

tooth  at  the  protocone.  The  latter  characteristic  gives  the  tooth  a 

rough  "figure  8"  outline  in  occlusal  view.    The  very  large  size  of 

0  10mm  K, 

Fig.  1. — A-G.  Mammacyon  cf.  obtusidens.  A.  M1,  TRO  390,  labial  view; 
B.  M\  TRO  390,  occlusal  view;  C.  Lower  canine,  TRO  388,  labial  view;  D. 
Medial  phalanx,  TRO  387,  lateral  view;  E.  Medial  phalanx,  TRO  387,  dorsal 
view;  F.  Proximal  phalanx,  TRO  386,  lateral  view;  G.  Proximal  phalanx,  TRO 
386,  dorsal  view.  H-I.  Pawligobunis  frazieri  n.  sp.,  UF  23928,  holotype.  H. 
Occlusal  view  of  dentition;  I.  Labial  view  of  ramus. 
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the  protocone  and  the  wide  expansion  of  the  tooth  at  the  protocone 
and  a  heavy  lingual  eingulum  are  more  like  Mammacyon  obtusidens 
and  the  referral  is  made  on  that  basis. 

The  size  of  the  M1  (17.7  \  24.4,  length  \  width)  is  elose  to  that 
of  Mammacyon  obtusidens  although  the  relative  expansion  of  the 

protocone  area  (expressed  as  a  ratio  of  labial  length/labial  width 
across  the  protocone,  Hunt,  1971)  is  greater  than  in  M.  obtusidens 

(1.1  vs.  1.32-1.36).  This  greater  expansion  of  the  tooth  in  this  area 
may  be  no  more  than  an  extreme  of  individual  variation  or  may 
later  prove  to  be  a  species  distinction.  The  uncertainty  on  this  point 

prevents  certain  referral  of  this  specimen  to  M.  obtusidens.2 
A  right  lower  canine  (TRO  388,  Fig.  1C),  presumably  of 

Mammacyon  cf.  obtusidens  because  of  its  size,  has  a  long,  flat  wear 
facet  from  its  tip  to  the  base  of  the  crown.  The  advanced  wear  of 

this  tooth  contrasts  with  the  slight  wear  on  the  M1  and  indicates  the 
presence  of  more  than  one  individual  in  the  deposit. 

A  proximal  and  a  medial  phalanx  from  SB-1A  (TRO  386;  387; 
Figs.  1D-G)  are  attributed  to  Mammacyon  cf.  olrtusidens.  In  size 
and  proportions  they  are  similar  to  those  of  Daplioenodon  superbus 

as  described  by  Peterson  ( 1910). 
Mammacyon  obtusidens  occurs  in  Arikareean  beds  (Monroe 

Creek  and  possibly  Harrison  formations)  of  South  Dakota  and 

Nebraska  with  a  single  specimen  recorded  from  the  Upper  John 
Day  beds  (  Hunt,  1971).  This  referral  indicates  a  Monroe  Creek  or 

possibly  Harrison  age  equivalence  for  the  SB-1A  Local  Fauna. 

Subfamily  CANINAE  Gill,  1872 

?Mesocyon  Scott,  1890 

Discussion. — A  medium-sized  canid  is  represented  in  the  fauna 

by  a  single,  badly  damaged  P1  (TRO  391)  which  is  missing  the 
protocone.  This  tooth  is  questionably  referred  to  Mesocyon  because 

it  lacks  a  large  parastyle.  as  do  the  P4s  of  Mesocyon,  and  because 
Mesocyon  is  (lie  only  canid  of  this  size  which  occurs  in  the  Arikare- 

<  in.  die  age  indicated  by  the  other  fauna!  members.    Tomarctus 

and  Cynodesmus  are  of  tin's  size  range  but  have  a  large1  parastyle 
on  I"  and  oeenr  in  I  leniinglord  and  later  times. 

Phlaocyon  sp.  Matthew,  L899 

Figs.  2A-B 

Discussion.— The  P4,  TRO  392.  from  SB-1A   is  smaller  than   the 

I"  on  the  holotype  "I  /'.  leucosteus  I  \\1\ll  8768)  and  has  a  rela- 
tively smaller  hypOCOne.    A  small,  accessory  cusp  is  present  on  the 

Dr.  R.  \t.  Hunt  is  currently  studying  the  taxonomy  and  relationships  oi 
Temnocyon  and  Mammacyon.    He  has  generously  allowed  me  to  draw  upon 

vork  in  progress  buJ  a  more  complete  discussi   I  these  genera  musi  awail 
iper. 
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3mm 

0  0.5mm 
I 

Fig.  2. — A-B.  Phlaocyon  sp.,  right  P\  TRO  392.  A.  Occlusal  view;  B. 

Lingual  view.  C-D.  Protosciurus  sp.,  right  ramus  with  lower  incisor  and  P(, 
TRO  401.   C.  Occlusal  view  of  P.t;  D.  Labial  view  of  ramus. 

anterior  cingulum  of  the  SB-1A  P4  which  is  absent  on  that  of 
Phlaocyon  leucosteus.  Phlaocyon  marslandensis  (McGrew,  1941)  is 

even  larger  than  P.  leucosteus  but  shares  the  features  of  P1  with 
P.  leucosteus  which  contrast  with  the  P1  from  SB-1A. 

The  P1  of  Phlaocyon  found  at  SB-1A  could  be  within  the  limits 
of  variation  for  P.  leucosteus.  On  the  other  hand,  the  species  of 

Phlaocyon  from  SB-1A  may  be  new  but  certain  identification  is  not 
possible  with  the  material  at  hand. 
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Measurements  of  the  P1  from  SB-1A  and  that  of  P.  leucosteus 
are  compared  in  Table  1. 

Table  L— Comparative  measurements  (mm)  of  P1  of  Phlaocyon  sp.  from 
SB-1A  and  of  Phlaocyon  leucosteus  ( AMNH  8768,  holotype). 

Character  P.  leucosteus  Phlaocyon  sp. 

greatest  length  10.8  8.7 
greatest  width  7.7  6.8 

( protocone  across  paracone ) 
width  7.3  6.3 

( in  occlusal  position ) 

Family  MUSTELIDAE  Swainson,  1835 

Genus  Paroligobunis  Peterson,  1906 

Paroligobimis  frazieri,  new  species 

Fig.  1H-I 
Etymology. — Named  for  Michael  Frazier,  whose  skill  in  prep- 

aration saved  this  specimen  and  in  honor  of  his  work  in  Florida 
paleontology. 

Holotype.— UF  23928,  right  ramus  with  Cu  P-M,;  Pj  and  M2 
alveoli. 

Diagnosis. — Ramus  more  slender  than  in  P.  simplicidens  or  P. 
petcrsoni.  Premolars  less  crowded  than  in  either  species.  Paroligo- 

bunis frazieri  is  larger  than  P.  petcrsoni  but  slightly  smaller  than 
P.  simplicidens. 

Description  and  Comparisons. — The  shortened  M,  with  a  strong 
labial  convexity  is  characteristic  of  Oligobunis  and  Paroligobunis 
and  serves  to  separate  these  genera  from  other  mustelids  of  this  size 

range.  The  ramus  from  SB-1A  is  further  referrable  to  Paroligobimis 
using  CM  1553,  holotype  of  P.  simplicidens)  and  not  Oligobunis 

(using  AMNH  6903.  holotype  of  O.  erassivulles)  on  dental  features. 

Paroligobunis,  and  the  SB-1A  ramus,  lias  a  smaller  M,  than  Oligo- 
bunis; a  larger  P,  (  P,  of  Oligobunis  is  reduced  to  a  simple,  insignifi- 

cant peg);  no  diastemata  between  the  premolars  (small  diastemata 

air  present  between  1',-Pj  and  P2-Ps  of  Oligobunis)',  and  in  not 
having  an  entOCOnid  on  M,  as  does  Oligobunis. 

Paroligobunis  simplicidens  (Peterson,  1910)  and  P.  petersoni 

(Loomis,  L932)  are  the  only  species  of  tin's  genus  currently  recog- 
nized as  valid.  Paroligobunis  frazieri  differs  from  /'.  simplicidens  in 

being  slightly  smaller  (  see  Table  2);  in  having  a  more  slender  ramus 

'  in  depth  and  width);  the  premolars  of  /'.  frazieri  are  less  massive 

tli. in  those  <>l  /'.  simplicidens;  P2  and  Pa  are  less  crowded  (P2  in  P. 
Simplicidens  lias  been  crowded  in  tlie  tooth  series  to  the  point  that 

it  is  rotated,  labially.  about  30    );  P2  and  Pa  of  Paroligobunis  frazieri 
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are  not  broadly  widened,  posteriorly,  as  are  those  of  P.  simplicidens; 
and  Po  and  P3  of  P.  frazieri  have  a  more  distinct  posterior  cingulum 

than  do  these  premolars  in  P.  simplicidens.  The  apparent  less  crowd- 
ing of  the  premolars  in  P.  frazieri  may  be  an  artifact  of  the  recon- 

structed mandible  but  it  appears  to  be  natural.  The  rotation  of 
P2  in  P.  simplicidens  places  this  tooth  parallel  to  the  sagittal  section 
of  the  animal.  In  P.  frazieri,  P2  is  in  line  with  the  tooth  row. 

Paroligobunis  petersoni,  according  to  Loomis  (1932),  is  much 
smaller  than  either  P.  simplicidens  and  hence  also  of  P.  frazieri. 
Paroligobunis  petersoni  also  has  a  massive  mandible  in  agreement 
with  P.  simplicidens  and  in  contrast  to  the  light  ramus  of  P.  frazieri. 

Discussion. — Paroligobunis  simplicidens  occurs  in  the  Harrison 
Formation  (late  Arikareean)  of  Nebraska  (Peterson,  1910). 

Paroligobunis  petersoni  was  discovered  in  beds  of  "Upper  Harri- 
son" age  ( =Hemingfordian,  Schultz  and  Falkenbach,  1968)  near 

Van  Tassel,  Wyoming.  These  two  species  are  probably  more 
closely  related  to  each  other  than  either  is  to  P.  frazieri  as  a  massive 
mandible,  present  in  both  species,  is  very  likely  a  derived  character 
in  this  genus. 

Oligobunis  and  Paroligobunis  are  undoubtedly  closely  related. 
Oligobunis  is  known  from  the  Thomas  Farm  Local  Fauna  (Late 

Hemingf ordian )  of  Florida  (Oligobunis  floridanus).  The  relation- 
ship between  O.  floridanus  and  P.  frazieri  is  not  readily  apparent 

but  is  probably  no  closer  than  for  other  species  in  each  genus. 

Table  2.— Comparative  measurements  (mm)  of  Paroligobunis  frazieri, 
new  species,  and  P.  simplicidens. 

Character 

Length,  P1-M2 
Ci  (length) 

(width) 

P2    (length) 
(width) 

P^    (length) 
( width ) 

P*    (length) 
(width) 

Mi  (length) 
( width ) 

Depth  of  mandible 
(below  Mi) 

Width  of  mandible  10.2  13.0 

(at  Mi) 

P.  frazieri 

P. 

simplicidens 
(UF  23928) ( CM  1553,  holotjpe ) 

49.0 
54.2 9.5 

7.5 
11.2 

8.2 7.4 
4.8 

8.8 

5.7 
8.1 
5.6 

9.7 

6.9 
10.8 
6.1 

11.6 

7.0 
15.7 
7.1 

(16.4) 
(7.6) 

21.8 25.4 
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Ordek  CARNIVORA 

Gen.  et  sp.  indct. 

Fig.  3A-B 

Discussion. — An  isolated  metatarsal  II  (TRO  402)  of  an  uni- 

dentified carnivore  is  illustrated  in  Fig.  3A-B.  The  features  of  the 
articular  surfaces  are  obscured  by  an  apparent  osteopathology 
which  renders  taxonomic  referral  inconclusive.  The  size  of  the 

metatarsal  is  between  that  expected  for  Phkiocyon  or  Mesocyon, 
the  two  carnivores  in  the  fauna  which  are  nearest  in  size,  and 

the  size  one  would  expect  for  an  animal  like  Leptocyon  or 
Nothocyon. 

The  carnivore  which  possesed  this  metatarsal  was  digitigrade 

and  the  metatarsals  were  not  closely  appressed.  The  distal  articu- 
lation is  rounded  with  only  a  posterior  keel  and  has  much  the 

appearance  of  a  felid  distal  articulation. 

5mm 

I'k..  3.  -A-B.  Carnivore  gen.  el  sp.  bidet.,  right  metatarsal  II,  pathologic, 
TRO  i')2.  \  Dorsal  view;  B.  Lateral  view.  C-D.  Protosciurus  sp.,  left  tibia, 
TRO  WO.  C.  Interior  view;  1).  Lateral  view. 
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Order  PERISSODACTYLA  Owen,  1848 
Family  EQUIDAE  Gray,  1821 

Subfamily  ANCHITHERIINAE  Osborn,  1910 

Gen.  et  sp.  indet. 

Discussion. — An  anchitherine  horse  about  the  size  of  Parahippus 
leonensis  is  represented  in  the  SB-1A  Local  Fauna  by  a  single  lateral 
metapodial  (TRO  393).  The  scarcity7  of  horse  material  from  this 
deposit,  and  the  evident  rarity  of  horses  in  the  vicinity  during 

deposition,  is  an  intriguing  problem  for  which  there  is  no  satis- 
factory answer.  In  this  respect  SB-1A  stands  in  sharp  contrast  to 

the  Hemingfordian  faunas  in  Florida,  especially  Thomas  Farm,  in 
which  horses  are  abundantly  represented. 

Order  ARTIODACTYLA  Owen,  1848 
Suborder  TYLOPODA  Illiger,  1811 
Family  CAMELIDAE  Gray,  1821 
Genus  Nothokemas  White,  1947 

Nothokemas  waldropi,  new  species 

Fig.  4 

Etymology. — Named  for  John  S.  Waldrop,  who  collected  this 
material,  in  respect  for  his  diligent  stratigraphic  paleontology. 

H olotype. — UF  23927,  left  ramus  with  Cl3  P-M3. 
Diagnosis. — About  1/2  the  size  of  N.  floridanus  and  N.  hidal- 

gensis,  the  only  previously  recognized  species  of  Nothokemas. 
Description  and  Comparisons. — Lower  Dentition:  The  lower 

incisors  are  spatulate,  thin,  and  form  a  closely  set,  fan-shaped  group 
in  which  I2  and  I3  each  slightly  overlaps  the  incisor  in  front. 

The  lower  canine  tooth  is  long  and  strongly  recurved. 
The  first  lower  premolar  is  not  present  in  this  genus  and  its 

absence  has  been  used  as  part  of  a  generic  description  by  Patton 
(1969).  As  can  be  seen  on  a  radiograph  of  the  holotype  of  N. 
ivaldropi,  on  file  at  the  Timberlane  Research  Organization,  the  Pi 
is  truly  absent  and  not  merely  suppressed. 

A  long  diastema  separates  Cx  from  P2.  The  dorsal  border  of  the 
diastema  drops  quickly  between  Ci  and  P2  apparently  as  a  result  of 
the  missing  Pj. 

Po  is  a  simple,  linear  tooth.  The  central  cusp  is  prominent.  P2 
and  P3  are  relatively  thinner  than  these  teeth  in  N.  floridanus  and  N. 
hidalgensis. 

P3  is  elongate  and  slender.  A  lingual  stvlid  is  present  which 
arises  just  posteriorly  to  the  protoconid  and  which  may  extend  to 
the  rear  margin  of  P3  or  less  than  half  that  distance  depending  upon 
the  individual. 

P4  is  typically  camclid  in  appearance  with  its  widest  part  at  the 
hypoconid  giving  the  characteristic  wedge-shape  to  the  tooth. 
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Fig.  4. — Nothokemas  waldropi  n.  sp.  A.  Right  P-Ma  with  partial  maxilla, 
TRO  389,  labial  view;  B.  TRO  389,  occlusal  view;  C.  UF  23927,  holotype,  left 
ramus  with  G,  Pa-Ms,  occlusal  view  of  dentition;  D.  UF  23927,  holotype,  labial 
view. 

The  lower  molars  have  the  discontinuous  and  overlapping  crests 

which  are  typical  of  oxydaetyline  camels  in  which  the  posterior 
crest  unites  first  with  the  anterior  crescent,  and  not  the  anterior 

crest,  during  wear.  Intercolumnar  styles  are  generally  absent,  but 

slight  styles  are  present  on  molars  of  some  individuals  and  are 
presumed  to  be  only  another  example  of  individual  variation  in 
this  species.    Internal  ribs  are  faintly  discernible  on  the  crests. 

A  small  extension  of  the  posterior  crest  (cntoconid)  which  is 

present  on  the  M3  of  two  individuals  (TRO  357,  360)  is  suggestive 

of  the  "double-enamel  loop"  of  Floridatragulus  (Patton,  1969).  The 
posterior  terminus  of  the  posterior  crest  of  M:!  in  N.  waldropi  is 

apparently  also  individually  variable. 

Upper  dentition:  I1  -  are  unknown;  I8  is  large,  curved,  and 
labially-lingually  Battened.  Small  blades  are  present  on  the  anterior 

and  posterior  margins.  The  diastema  between  1-  and  I3  was  small, 
approximately  2  i   in  length. 

C1  is  curved,  caniniform,  and  larger  than  I8  or  P'. 

I"  is  a  simple,  short-bladed  tooth  as  is  also  seen  in  Oxydactylus. 
P1  is  double-rOOted  but  the  roots  are  fully  fused. 

I'    is  an  elongate,  tricuspid  tooth  which  has  a  simple  linear 
enamel  pattern.  The  proloeone  is  located  anterior  to  the  center 

"I   the  tOOtfa  and  is  the  most  prominent  ensp.    Other  than  the  P2  of 

Floridatragulus,  the  I'-'  of  Nothokemas  waldropi  is  the  longest,  rela- 
tive lo  l'\  among  all  the  genera  examined.  The  length  of  P- 

approximates  that  of  P8. 

•'  like  P2,  appears  lo  be  elongated  antero-posteriorly.  This 
effed  is  produced  in  part  by  the  small  size  of  the  internal  unguium. 
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This  cingulum  does,  however,  have  two  distinct  cuspules  which  are 
located  above  the  medial  root  near  the  protocone.  The  overall 

appearance  is  like  the  P3  of  Oxydactylus  longipes. 

P4  is  simple,  camelid-like  in  shape  and  pattern  and  undiagnostic 
except  by  its  small  size.  Only  a  very  slight  cingulum  is  present  on 
the  posterior  part  of  the  crescent  on  a  few  individuals  while  totally 
absent  in  others. 

The  upper  molars  are  characteristically  oxydactyline  in  their 

low  crown  height,  prominent  ribs  and  styles  (particularly  the  meso- 
style),  and  the  non-linear  overlap  of  the  anterior  crest  (paracone) 
by  the  posterior  crest  (metacone).  The  external  ribs  are  only 
slightly  less  prominent  than  the  mesostyle  (as  in  all  oxydactyline 
genera  except  Miolabis).  Intercolumnar  styles  are  almost  totally 

lacking  although  occasionally  found  on  M3.  These  styles  are  more 
frequently  distributed  among  other  genera  of  camels  with  the 
oxydactyline  molar  pattern  although  subject  to  some  degree  of 
individual  variation  in  Miolabis  and  Oxydactylus.  The  anterior 

crescent  may  bifurcate  posteriorly,  again  determined  by  individual 
variation,  reminiscent  of  the  bifurcation  seen  in  xiphodonts  and  in 
some  individuals  of  Poebrotherium. 

Dental  measurements  of  Nothokemas  waldropi  are  given  in 
Table  3. 

Table  3. — Measurements  (mm)  of  the  teeth  of  Nothokemas  waldropi 

UF  23927 
Character ( holotype ) TRO  360 TRO 389 

Depth  of  ramus beneath  Mi 18.5 14.5 

Depth  of  ramus beneath  P4 18.3 13.8 — 
P2-M3 59.9 56.3 

— 
P3-P4 16.9 15.4 

— 
P3-M3 52.9 49.8 — 
Mi-M2 36.2 34.4 

— 

P3(LxW) 8.3  x    3.3 7.2  x 2.8 — 
P4 

8.6  x    4.5 8.3  x 4.1 — 
Mi 9.7  x    6.7 9.5  x 6.4 — 
M2 11.0  x    7.9 10.6  x 7.0 — 
M3 16.2  x    8.3 14.6  x 6.9 

. — 

C'-P1  diastema . — - — 13.4 
P1-?2  diastema 

— — 11.9 

P2-M3 
— — 

58.8 
F(LxW) — — 4.7  x 2.2 

P2
 

— — 8.1.x 3^5 

p3 

. — — 
8.8  x 4.9 

P4
 

— 
7.6  x 7.6 7.6  x 7.8 

M1
 

— 10.8  x 9.7 10.9  x 
10.2 

M2
 

— 11.6  x 12.0 12.5  x 
12.1 

M3
 

— 11.9  x 11.7 12.6  x 11.9 
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Discussion. — The  genus  Notlwkcmas  was  first  recognized  by 
White  (1947)  who  placed  it  in  a  new  family,  the  Nothokemadidae, 

incertae  sedis,  within  the  Hypertraguloidea.  Patton  (1969)  rein- 
terpreted the  hypertraguloid  features  of  Nothokemas  as  plesio- 

morphic  for  artiodactyls  and  transferred  Nothokemas  to  the  Family 

Camelidae,  Subfamily  Aepycamelinae  Webb,  1965.  The  Aepycame- 
linae  is  probably  a  paraphyletic  group  and  at  present  contains  such 
genera  as  Oxydactylus,  Aepycamelus,  Paratylopus,  and  Miolabis 
(Webb,  1965;  Simpson,  1945). 

Nothokemas  is  undoubtedly  similar  to  Oxydactylus  and  could 
logically  be  placed  within  the  Aepycamelinae,  but,  because  of  the 
questionably  validity  of  that  subfamily,  I  have  chosen  instead  to 

refer  to  Nothokemas  as  an  "Oxydactylus-like  camelid"  in  reference 
to  the  characteristic  molar  pattern  shared  by  these  two  genera. 

Other  Oxydactylus-Hke  camelids  are  Miolabis,  Gentilicamclus,  and 
Floridatragulus,  but  decidedly  not  Paratylopus.  Paratylopus  is  a 
slightly  advanced  poebrothere.  Aepycamelus  is  probably  closely 
related  to  Oxydactylus  but  has  modified  the  Oxydactylus  molar  pat- 

tern through  hypsodonty,  a  derived  condition  possibly  indicative-  of 
relationship  with  Procamelus  and  later  camels.  The  inclusion  of 
Floridatragulus  in  this  group  appears  at  first  to  be  inappropriate  in 
view  of  the  striking  features  of  this  genus  which  have  led  to  its 
placement  in  the  monotypie  Subfamily  Floridatragulinae  Maglio, 

1966.  Main-  of  the  characters  of  Floridatragulus,  however,  are  prim- 
itive ruminant  characters  as  recognized  by  Patton  (1969)  and  are 

of  no  use  in  phylogenetic  grouping.  The  most  unusual  features  are 
the  greatly  elongated  muzzle  and  the  double  enamel  loop  or  divided 
hypoconid  on  M:;.  The  elongated  muzzle  is  certainly  autapomorphic 
but  the  double  enamel  loop  may  not  be.  The  resemblance  of  the 
small  posterior  extension  of  the  posterior  crest  as  seen  on  some 
individuals  of  Nothokemas  waldropi  to  the  lingual  half  of  the 
double  enamel  loop  of  Floridatragulus  suggests  an  hypothesis  for 

tin-  origin  of  this  characteristic  feature  of  Floridatragulus.  A  further 
extension  of  the  posterior  crest  (the  entoconid)  of  Ma  onto  the 
talonid  would  produce  a  typical  double  enamel  loop.  A  similar 
degree  ol  variation  in  the  posterior  limit  of  the  posterior  crest  of 
M;  is  seen  in  some  individuals  of  Miolabis  (F:AM  68985,  68988) 
from  Trinity  River,  Texas  (  BarstOVian),  and  supports  the  contention 
that  the  double  enamel  loop  ol  Floridatragulus  is  not  as  exceptional 

as  While  (1940  \'l\:>  and  I'atton  (1967b,  1969)  believed.  These 
enamel  loops  on  the  talonid  ol  M:;  would  (hen  not  be  homologous 
with  those  ol  hypertragulids  in  which  both  crests  of  the  talonid  of 
M  ;  probably  arose  from  tWO  small  crests  which  inn  anteriorly  from 
the  Single  CUSp  on  the  talonid.   the  hypoconiilid,  as  can  be  Seen   in 
Archaeomeryx  and  other  early  artiodactyls. 

Wothoketnaa  was  previously  known  from   the  ITemingfordian  of 
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Florida  and  Texas  (Patton,  1969).  The  occurrence  of  Nothokemas 
in  the  SB-1A  fauna  is  the  earliest  occurrence  of  this  characteristic 
Gulf  Coast  genus. 

Order  RODENTIA  Bowdich,  1821 
Suborder  SCIUROMORPHA  Brandt,  1855 

Family  SCIURIDAE  Gray,  1821 
Tribe  SCIURINI  Burmeister,  1854 
Genus  Protosciurus  Black,  1963 

Protosciurus  sp. 

Figs.  2C-D,  3C-D 

Discussion. — A  partial  right  ramus  with  the  incisor  and  P4  ( TRO 
401)  and  a  tibia  (TRO  400)  of  a  squirrel  are  the  only  indication  of 
small  mammals  in  the  SB-1A  fauna. 

The  P4  of  the  squirrel  from  SB-1A,  unlike  the  P4s  of  most  genera 
of  squirrels,  does  not  have  a  laterally  compressed  trigonid  or  rad- 

ically enlarged  hypoconid  and  retains  a  basically  unmodified  tree 
squirrel  tooth  pattern  as  is  seen  in  Protosciurus.  The  following 

description  of  the  P4  from  SB-1A,  using  the  terminology  of  Black 
(1963),  is  also  applicable,  except  where  noted,  to  the  P4s  of  P. 
mengi  and  PProtosciurus  jejfersoni  (referral  of  Black,  1965).  The 
P4  of  Protosciurus  condoni  has  been  figured  by  Black  (1963)  but  it 
is  damaged  and  little  can  be  said  about  it.  The  P4s  of  the  other 
species  of  Protosciurus  are  unknown. 

The  trigonid  of  P4  is  composed  of  a  clearly  defined  protoconid 

and  metaconid  which  are  well  separated  yet  connected  by  a  metal- 
ophid  anterior  to  which  is  a  trigonid  basin  and  a  small,  knob-shaped 
anterior  cingulum,  the  Pparaconid.  The  protoconid  and  metaconid 
are  not  well  separated  on  the  P4  of  ?P.  jejfersoni  and  an  elongate 
anteroconid  is  present  on  the  protoconid  which  may  be  equivalent 
to  the  knob  on  the  anterior  cingulum  of  P.  mengi  and  the  Proto- 

sciurus from  SB-1A.  The  metaconid  on  the  P4  from  SB-1A  is  strongly 
cone-shaped  (as  are  the  protoconid  and  hypoconid),  whereas  in 
P.  mengi  the  metaconid  is  less  clearly  separable  from  the  anterior 
rim  of  P4.  The  protoconid  is  placed  slightly  posteriorly  to  the 

metaconid.  The  protoconid  and  metaconid  are  not  appressed^  and 
are  approximately  of  the  same  size.  The  hypoconid  is  slightly  larger 

and  creates  a  postero-labial  swelling  on  the  otherwise  square  to 
rectangular  occlusal  outline.    In  all  other  genera  of  squirrels,  the 

3  The  P,  on  the  holotype  of  P.  condoni  (UOMNH  F-5171)  is  badly  damaged 
but  the  protoconid  and  metaconid  appeared  to  be  closely  appressed  to  Black 
(1963).  On  a  referred  specimen  in  the  American  Museum  of  Natural  History, 
Protosciurus  cf.  condoni  (F:AM  99254),  the  metaconid  and  protoconid  of  P< 
appear  to  be  relatively  closely  placed  due  to  the  much  larger  size  of  the 

metaconid  relative  to  the  protoconid  than  is  seen  on  the  Pi's  of  either  P.  mengi 
or  the  squirrel  from  SB-1A. 
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relatively  great  size  of  the  hypoconid,  combined  with  the  laterally 
compressed  trigonid,  produces  a  more  triangularly  shaped  P4.  The 
rim  of  the  talonid  is  continuous  between  the  hypoconid  and  a 
distinct  entoconid.  A  mesoconid  is  present  on  a  faint  ectolophid. 
The  mesostylid  is  represented  by  a  slight  rise  on  the  posterior  of 
the  metaconid. 

The  ramus  also  has  features  of  Protosciurus  as  given  by  Black 
(1963)  in  his  diagnosis  of  the  genus:  The  massatcric  fossa  ends 

anteriorly  beneath  Mi;  the  diastema  is  short;  the  diastema!  depres- 
sion is  deep;  and  the  mental  foramen  is  positioned  well  below  the 

depression  of  the  diastema. 

Without  including  PP.  jeffersoni,  four  species  of  Protosciurus 
have  been  described  ( Black,  1963 ) .  Listed  in  decreasing  order  of 
size,  these  are:  Protosciurus  condoni,  P.  tecuyensis,  P.  mengi,  and 

P.  rachclac.  The  P.,  of  Protosciurus  sp.  from  SB-1A  is  slightly  smaller 
than  that  of  P.  mengi  and  differs  in  having  a  more  distinct  meta- 

conid. The  P.,  from  SB-1A  measures  2.1  x  1.7  mm  versus  2.5  x  2.2-2.5 
for  P.  mengi  ( Black,  1963 ) . 

The  ramus  from  SB-1A  has  a  small  muscle  scar  anterior  to  the 

massateric  fossa  as  does  P.  tecuyensis  but  unlike  P.  condoni  (un- 
known in  P.  mengi  and  P.  rachelae).  The  massateric  fossa  on  the 

SB-1A  ramus  is  deeper  than  on  the  species  of  Protosciurus  for  which 
this  fossa  is  known  ( all  except  P.  rachelae ) . 

A  complete  tibia  (TRO  390)  from  the  SB-1A  locality  is  referred 
to  Protosciurus  sp.  on  the  basis  of  its  size  and  sciuromorph  features. 
The  significance  of  this  specimen  lies  in  its  greater  resemblance  to 
tibiae  of  arboreal  squirrels  (Sciurus,  Tamiasciurus)  than  to  those  of 
ground  squirrels  (Tamias,  CiteUus,  Spermophilus).  Specimen  TRO 
390  is  slender,  relatively  straight,  the  tibial  crest  terminates  in  the 

proximal  one-fourth  of  the  total  length,  and  the  distal  articular 
grooves  (especially  the  medial)  arc  not  well  defined  as  in  tree 
squirrels  and  in  contrast  to  the  sturdy,  curved  tibiae  of  ground 
squirrels  in  which  the  tibial  crest  reaches  approximately  one-third 
the  length  and  the  articular  grooves  are  more  sharply  defined.  These 
similarities  support  the  conclusion  of  Black  (1963),  based  on  dental 
characters,  that  Protosciurus  was  a  tree  squirrel. 

Protosciurus  occurs  from  the  Chadronian  (PProtosciurus  jeffer- 
soni: Black,  1965)  or  Orellan  to  the  I  Ve- Harrison  Arikareean  (Black, 

L963  I.  This  occurrence  of  Protosciurus  at  SB-1A  would  appear  to  be 
one  of  its  latest  occurrences. 

Ace  of  the  Fauna 

The  SB-1A  Local  Fauna  contains  genera  which  are  found  in 
Arikareean  and  Hemingfordian  deposits  outside  of  Florida  and 
could  conceivably  be  referred  to  either  age.  Phlaocyon  (Matthew, 
1901;  Galbreath,  L953)  and  Nothohemas  (  Patton,  1969)  are  the  most 
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apparent  Hemingfordian  forms.  Paroligobunis  is  both  an  Arikareean 

(P.  simplicidens)  and  Hemingfordian  (P.  petersoni)  genus.  Paroligo- 
bunis frazieri,  however,  is  more  like  P.  simplicidens  in  its  features. 

Mammacyon  is  primarily  an  Arikareean  genus;  Mammacyon  obtu- 
sidens  occurs  in  the  middle  Arikareean  (Monroe  Creek  Formation). 
Protosciurus  has  never  been  found  later  than  the  Middle  Arikareean 

(Black,  1963).  As  a  choice  must  be  made  on  the  reliability  of  the 
indicators,  I  think  it  more  probable  that  the  widespread  and  better 

known  forms,  Mammacyon  and  Protosciurus,  are  better  age  indica- 
tors and  that  the  presence  of  Phlaocyon  and  Nothokemas  in  the 

SB-1A  Local  Fauna  represent  Arikareean  occurrences  of  these 
genera. 

Summary 

A  small  Arikareean  fauna,  the  third  known  from  Florida,  is 

described.  The  fauna  consists  of  Mammacyon  cf.  obtusidens,  Phla- 
ocyon sp.,  PMesocyon,  Paroligobunis  frazieri  n.  sp.,  an  indeterminate 

carnivore,  an  indeterminate  anchitherine  horse,  Nothoke?nas  ical- 
dropi  n.  sp.,  and  Protosciurus  sp.  All  the  included  taxa,  with  the 
exception  of  the  higher  taxa  which  represent  indeterminate  species, 
are  new  additions  to  the  faunal  record  of  Florida.  Mammacyon, 
Protosciurus,  and  Paroligobunis  are  present  in  Arikareean  faunas  of 

the  classic  Great  Plains  sequence  and  allies  the  SB-1A  Local  Fauna 
with  this  North  American  Land  Mammal  Age.  Mammacyon  and 
Protosciurus  may  be  conspecific  with  known  forms  but  the  small 

amount  of  material  referable  to  these  genera  prevents  a  full  taxo- 
nomic  treatment  at  the  species  level.  The  presence  of  Phlaocyon  in 

the  SB-1A  fauna  is  evidently  an  early  occurrence  of  this  more  typ- 
ically Hemingfordian  genus,  and  in  some  respects  this  specimen  is 

more  primitive  than  the  later  species.  The  new  species  of  Nothoke- 
mas from  SB-1A  extends  the  temporal  range  of  this  characteristic 

Gulf  Coast  Hemingfordian  camel  back  into  the  Arikareean.  The 
SB-1A  fauna  as  a  whole  is  similar  to  the  better-known  Arikareean 
faunas  of  western  North  America  with  the  added  dimension  of 

regional  differentiation  as  exhibited  in  new  species  of  Paroligobunis 
and  the  endemic  Gulf  Coast  genus  Nothokemas.  Further  distinc- 

tions among  the  rarer  taxa,  which  are  now  conservatively  attributed 
to  individual  or  populational  variation,  may  become  apparent  as  the 
fossil  record  of  Florida  becomes  better  known. 

The  fauna  is  from  unsorted  terrestrial  outwash  sediments  over- 
lying the  Suwannee  Limestone  (Middle  Oligocene)  which  may  have 

been  associated  with  faulting  caused  by  the  uplift  of  the  Ocala  Arch 
in  northcentral  Florida. 
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A  NEW  SPECIES  OF  LIOLAEMUS  (SAURIA: 
IGUANIDAE)  FROM  THE  ANDEAN  MOUNTAINS 

OF  THE  SOUTHERN  MENDOZA  VOLCANIC 
REGION  OF  ARGENTINA 

By 

Jose  M.  Cei1 In  the  course  of  field  research  in  South  America,  William  E. 
Duellman  and  his  associates  obtained  specimens  of  an  undescribed 
iguanid  lizard  in  the  Paso  El  Choique  area  in  southern  Provincia 
de  Mendoza,  Argentina.  A  careful  comparison  of  these  lizards  with 
other  Argentine  iguanids  revealed  that  the  new  species  is  a  member 

of  the  widespread,  Andean-Patagonian  genus  Liolaemus;  however, 
it  is  easily  distinguished  by  a  significant  combination  of  several 
morphological  characters  from  its  congeners.  In  recognition  of  the 
discoverer  of  this  new  iguanid,  it  herewith  is  named  after  Dr. 
William  E.  Duellman,  who  has  advanced  so  appreciably  field  and 
taxonomic  studies  on  the  herpetofauna  of  South  America. 

Liolaemus  duellmani,  new  species 

Figure  1 

Holotype. — The  University  of  Kansas  Museum  of  Natural  His- 
tory (KU)  161126,  an  adult  male  from  Paso  El  Choique,  50  km 

SSW  El  Manzano,  2260  m,  Provincia  de  Mendoza,  Argentina  (lati- 

tude 36°27'  S;  longitude  60°50'  W),  collected  on  12  December 
1974  by  William  E.  Duellman  and  John  E.  Simmons. 

Paratopotypes.—KU  161127-161128,  adult  and  subadult  male 
specimens  collected  with  the  holotype;  Instituto  Biologia  Animal, 

1  Instituto    Biologia    Animal,    Universidad    Nacional    de    Cuyo,    Mendoza, 
Argentina. 
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Universidad  National  de  Cuyo  (IBA-UNC)  139,  an  adult  female, 
collected  on  22  November  1961  by  Jose  M.  Cei  and  Virgilio  G.  Roig. 

Diagnosis. — Liolacmus  duellmani  can  be  distinguished  from 
other  Liolacmus  by  the  following  combination  of  characters:  1) 
slender  body;  2)  short  legs;  3)  subimbricate,  almost  juxtaposed 
polygonal  dorsal  scales;  4)  small,  juxtaposed,  conical  lateral  scales; 
5)  wide,  smooth  ventral  scales;  6)  dorsally  keeled  caudal  scales; 
7)  presence  of  antehumeral  and  neck  folds;  and  8)  strongly  clawed 
digits. 

Description. — Head  length  about  one-fifth  body  length  (Fig.  1 
and  Table  1).  Well-developed  antehumeral  fold  present;  neck  folds 
distinct.  Snout  bluntly  pointed.  Rostral  scale  large  and  wide, 
twice  as  wide  as  high;  nasal  not  in  contact  with  rostral,  separated 
from  it  by  two  enlarged  scales.  Nostril  equal  in  size  to  nasal  scale, 
located  posterolaterally  at  a  point  midway  between  eye  and  tip  of 

snout.  Ear  opening  elliptical,  edged  by  small,  regular-shaped  scales 
becoming  larger  posteriorly. 

Fig.  1. — Dorsal  (upper)  and  ventral  (lower)  views  of  holotype  of  Liolacmus 
duellmani,  an  adult  male  (KU  161126);  total  length,  170  mm. 

Temporal  scales  smooth,  irregularly  shaped  and  convex.  Scales 
<>l  Frontal,  parietal,  and  occipital  regions  large  and  slightly  convex. 
Interparietal  scale  small,  nearly  triangular,  and  bordered  laterally 

bj  a  pair  of  large,  irregularly  shaped  parietal  scales  meeting  pos- 
terior to  interparietal.  Largest  supraoculars  smaller  than  scales  of 

interorbital  region.  Subocular  scale  enlarged,  undivided,  separated 
from  supralabials  by  single  row  of  slight!)  rugose,  pointed  scales. 
Supralabials  L0;  infralabials  7.  Mental  trapezoidal.  Eyelids  slightly 
Fringed.    Pterygoid  teeth  present.   Scales  of  lateral  neck  granulated, 
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rounded,  and  smaller  than  subimbricate  dorsal  neck  scales.  Scales 

across  gular  region  between  tympana  48-50.  Vertebral  scale  row 
absent.  Dorsal  scales  heterogeneous,  small,  polygonal  but  almost 

rounded,  faintly  keeled  or -smooth,  faintly  subimbricate,  and  almost 
juxtaposed.  Granular  scales  present  between  large  scales.  Scales 
on  sides  smaller,  rather  conical,  and  juxtaposed.  Ventral  scales 
larger  than  dorsal  scales,  wide  and  smooth,  and  decreasing  in  size 
in  gular  region.  Upper  caudal  scales  large,  square,  and  distinctly 
keeled.  Ventral  caudal  scales  subtriangular  and  smooth.  Scales 

around  middle  of  body  86-90. 
Scales  of  dorsal  surface  of  forelimb  large,  imbricate,  and  slightly 

keeled;  ventral  forelimb  scales  granular  and  smooth.  Dorsal  thigh 
scales  large,  imbricate,  and  smooth;  ventral  thigh  scales  small  and 
nearly  granular.  Dorsal  tibia  scales  heterogeneous,  subimbricate, 
and  juxtaposed;  ventral  tibia  scales  large,  imbricate,  and  smooth. 
Four  indistinct  secretory  pores  present  anterior  to  vent. 

Subdigital  lamellae  of  fourth  finger  18,  faintly  keeled.  Subdigital 

lamellae  of  fourth  toe  20-21,  tricarinate.  Claws  of  all  digits  sharp, 
black,  and  3-4  mm  long. 

Hind  limb  rather  short  and  stout;  when  adpressed,  fourth  toe 

not  reaching  axilla.  When  forelimb  adpressed,  fourth  finger  reach- 
ing middle  of  body. 
Coloration:  Dorsum  pale  gray  becoming  reddish  tan  laterally, 

with  dark  brown  transverse  markings  enclosing  bluish  white  flecks. 
Dorsum  of  tail  pinkish  tan  with  dark  brown  bars.  Throat  pale  gray 
mottled  with  black.  In  smaller  individual,  belly  colored  like  throat; 
in  others,  belly  black.  Ventral  surfaces  of  forearm  and  hand, 
femoral  region,  and  foot  bright  yellow.  Iris  reddish  brown.  Tongue 
pink.  Lining  of  throat  gray.  Coloration  of  preserved  female  like 
males  except  darker. 

Distribution. — This  species  is  known  only  from  the  type  locality. 
Remarks. — Liolaemus  duellmani  is  found  in  a  xeric,  montane 

Table  1. — Measurements   (mm)  of  Liolaemus  duellmani. 

CHARACTER 
Holotype 

KU 
161126,  cT 

Paratopotypes 

KU 161127, d 
KU 161128,  d IBA-UNC 

139,  $ 

Total  Length 
Snout-vent  Length 
Head  Length 
Head  Width 
Forelimb  Length 
Hind  limb  Length 
Axilla-groin  Length 

170.0 
80.0 
18.5 
14.6 
24.5 
40.5 
42.0 

a 

83.0 
20.0 

15.5 
25.0 

42.0C 

42.0 

60.0 
20.0 
12.0 
21.0 

32.5C 

31.0 

  
b 

82.0 
19.2 
14.6 
28.0 

42.0° 

42.0 

°  Tail  short,  regenerated. 
6  Tail  broken. 
o  When  adpressed,  hind  limb  reaches 

axilla. 
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habitat  characterized  by  basaltic  outcrops,  rocky  slopes  and  sandy 

soil.  Vegetation  consists  of  clumps  of  plants — bunch  grass,  cacti, 
Ephedra,  and  spiny  legumes. 

The  female  contained  two  mature  eggs,  each  21  mm  in  diameter. 
The  size  and  number  of  eggs  suggest  that  this  species  may  be 
oviparous. 

Discussion 

Liolaemus  duellmani  cannot  be  regarded  as  a  member  of  any 

presently  recognized  group  of  Andean-Patagonian  Liolaemus.  It 
differs  from  the  psammophilous  and  burrowing  forms  of  the 
fitzingcri  complex  by  the  lack  of  femoral  patches,  reduced  number 
of  preanal  pores,  and  the  number  and  shape  of  dorsal  scales. 
Furthermore,  the  dorsal  scales  are  distinctly  imbricate  and  keeled 

in  the  fitzingeri  species-group.  Likewise,  L.  duellmani  is  distinct 
from  the  other  species  of  Patagonian  lizards  belong  to  the  kingi- 
archeforus,  megallanicus,  and  bibroni-gracilis  species  groups.  These 
groups  are  characterized  by  imbricate,  keeled,  and  mucronate 
dorsal  scales,  and  obviously  different  color  patterns  (Cei  1973, 
1975a,  1975b).  Liolaemus  duellmani  cannot  be  allocated  to  any 

presently  recognized  species-group  of  Chilean  Liolaemus  (Donoso 
Barros  1966;  Peters  and  Donoso  Barros  1970),  nor  referred  to  L. 
fitzgeraldi  (Boulenger  1899),  L.  rohertmertensi  (Hellmich  1964),  or 

L.  dorbigmj  (Koslowsky  1898).  It  differs  from  the  latter  three  spe- 
cies in  characteristics  of  its  dorsal  and  ventral  scales,  and  color- 

ation. The  species  also  can  be  distinguished  from  L.  elongatus,  L. 
austromendocinus,  and  L.  buergeri,  all  of  which  live  in  the  same 
region,  on  the  bases  of  their  imbricate,  mucronate  and  keeled 

dorsal  scales,  larger  tails,  and  distinctively  different  dorsal  color- 
ations (Cei  1974). 

Although  Liolaemus  kriegi  and  L.  ceii  (Muller  and  Hellmich 
1939;  Donoso  Barros  1971)  are  similar  to  L.  duellmani  in  having 
heterogeneous  lepidosis  and  granular  scales  between  the  larger 

scales  of  the  dorsum,  both  species  have  many  more  scales  at  mid- 
body  (97-115),  a  dark  pilens.  extremely  fat  base  of  the  tail,  slightly 
I  eeled  dorsal  scales,  nasal  scale  in  contact  with  rostral,  and  the 

fourth  toe  with  more  subdigital  lamellae  (28-30). 
Liolaemus  ruibtdi.  which  inhabits  the  Uspallata  mountains  in 

die  north  of  Mendoza  Province  (Donoso  barros  1961),  seems  the 
most  closely  related  to  L.  duellmani.  I(s  scales  are  heterogeneous, 
subimbricate.  and  almost  smooth.  The  nasal  is  not  in  contact  with 

die  rostral,  and  it  shares  the  same  number  of  supralabials,  inlra- 
labials  and  subdigital  lamellae  with  />.  duellmani.  Liolaemus  ruilxdi 
differs  from  /,.  duellmani  by  its  smaller  size,  shorter  tail,  and  fewer 
i  ales  at  midbody  (63-80).  The  lateral  scales  are  less  heterogeneous, 
and  the  color  pattern  is  distinct. 
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There  seem  to  be  some  convergent  morphological  features  be- 
tween L.  duellmani  and  northern  Andean  Liolaemus  groups  such 

as  the  signifer  and  multiformis  groups,  as  well  as  with  lizards  of  the 

genus  Ctenoblepharis.2  These  groups  share  with  L.  duellmani 
granular  scales  between  the  large  scales,  the  heterogeneous  lepi- 
dosis,  and  the  nearly  juxtaposed  dorsal  scales. 
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Resumen 

Se  describe  una  nueva  especie  argentina  de  iguanido  tropidurino, 
Liolaemus  duellmani,  de  las  regiones  rocosas  volcanicas  de  la 
Cordillera  Andina,  en  el  Sur  de  la  Provincia  de  Mendoza,  Paso  El 

Choique,  a  2000-2400  m  de  altura.  La  nueva  forma,  que  se  difer- 
encia  netamente  de  todas  las  especies  conocidas  del  genero,  es 
larga  hasta  170  mm,  y  se  caracteriza  por  la  lepidosis  heteronota, 
las  escamas  dorsales  casi  lisas,  imbricadas  y  casi  yuxtapuestas,  las 
escamas  ventrales  mucho  mas  grandes  que  las  dorsales,  un  numero 

relativamente  alto  de  escamas  alrededor  del  cuerpo  (85-90)  y  una 
coloracion  de  bandas  transversales  oscuras,  escotadas  posterior- 
mente,  sobre  un  fondo  grisaceo  rojizo,  jaspeadas  de  puntos  blancos 
azulados.  La  forma  que  mas  se  le  aproxima  es  Liolaemus  ruibali 
de  los  Andes  de  Uspallata,  Mendoza,  la  que  todavia  difiere  de 
L.  duellmani  por  ser  mucho  mas  pequena,  por  tener  cola  mas  corta 
y  un  numero  inferior  de  escamas  alrededor  del  cuerpo,  escamas 
laterales  mas  uniformes  y  un  patron  de  coloracion  muy  diferente. 
Se  ponen  en  evidencia  algunas  convergencias  morfologicas  entre  la 
nueva  forma  y  las  especies  del  genero  Ctenoblepharis. 
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BRACHYPOTHERIUM 

FROM  THE  TERTIARY  OF  NORTH  AMERICA 

By 

Daniel  Yatkola1  and  Lloyd  G.  Tanner2 

Preface. — The  manuscript  for  this  publication  was  near  final 
form  before  the  tragic  automobile  accident  which  took  Dan  Yat- 

kola's  life  on  March  12,  1976.  The  manuscript  remains  essentially 
as  it  was  prior  to  his  death,  because  we  had  already  arrived  at  the 
conclusion  that  this  rhinocerotid  is  the  first  record  of  Brachypother- 
ium  on  the  North  American  continent.  Present  plans  are  that  the 
stratigraphic  and  biostratigraphic  evidence  regarding  the  Marsland 
Formation  and  the  Hemingfordian  fauna  which  was  accumulated 
by  Dan  Yatkola  will  be  published. 

A  "Teleoceras"  skull  (U.K.  9857)  was  reported  by  Galbreath 
(1953:108)  from  the  Tertiary  sediments  of  Martin  Canyon  in 

northeastern  Colorado.  It  was  found  in  University  of  Kansas  col- 

lecting locality  "Quarry  A."  Dr.  Larry  D.  Martin,  University  of  Kan- 
sas, loaned  the  skull  and  limb  bones  to  Lloyd  Tanner  for  study  in 

1974.  Recently,  additional  research  was  accomplished  by  Daniel 

Yatkola,  as  a  part  of  his  Ph.D.  dissertation.  This  included  a  com- 
prehensive study  of  the  stratigraphy  and  biostratigraphy  of  the 

Marsland  Formation  of  northwestern  Nebraska  and  adjacent  areas. 
The  research  prompted  a  renewed  interest  in  the  Martin  Canyon 

local  fauna,  including  additional  comparison  of  this  unusual  rhi- 
roceros  skull,  and  the  limb  bones  which  were  found  in  the  quarry 
near  the  skull,  with  other  rhinoceros  material  in  the  University  of 

Nebraska  Study  Collection.   We  both  had  the  opportunity  to  com- 

1  Deceased,  Doctor  of  Philosophy  Candidate,  Department  of  Geology,  Uni- 
versity of  Nebraska-Lincoln,  Lincoln,  Nebraska  68588. 

2  Curator  of  Vertebrate  Paleontology  and  Coordinator  of  Systematic  Col- 
lections, University  of  Nebraska  State  Museum,  University  of  Nebraska-Lincoln, 

Lincoln,  Nebraska  68588. 
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pare  die  skull  with  other  rhinoceros  remains  in  the  study  collection 
of  the  American  Museum  of  Natural  History,  and  Frick  Laboratory, 
New  York.  Yatkola  also  visited  the  Carnegie  Museum  in  Pittsburgh 
and  the  Field  Museum  in  Chicago  to  study  fossil  vertebrates  from 

sediments  connected  with  this  study.  We  found  no  species  com- 

parable to  the  Martin  Canyon  "Teleoceras"  in  these  collections.  We 
conclude  that  the  specimen  belongs  to  the  Old  World  genus 
Brachypotherium  as  discussed  below. 

Wood  (1941:91)  explained  the  "assignments"  of  the  genera, 
Brachypotherium  and  Teleoceras  as  follows: 

The  genus  Brachypotherium  is  represented  by  succes- 
sively more  specialized  species  from  the  earliest  Miocene 

into  the  Pliocene  of  Eurasia  and  north  Africa.  A  direct  de- 
rivative, Teleoceras,  appears  in  the  upper  Miocene  of  North 

America  ...  so  similar  is  a  primitive  Teleoceras  to  a  mod- 
erately specialized  Brachypotherium  that  assignment  be- 

tween the  two  genera  is  based  simply  on  locality,  so  that 
essentially  indistinguishable  specimens  from  Japan  and  Ne- 

braska have  been  assigned  without  objection  to  Brachypo- 
tJierium  and  to  Teleoceras  (Mesoceras) . 

Below,  we  describe  the  first  New  World  Brachypotherium  and 
discuss  the  genus.  In  our  description,  the  following  abbreviations 
are  used  for  Institutions:  A.M.N.H.,  American  Museum  of  Natural 
History;  K.U.,  University  of  Kansas  Natural  History  Museum; 
U.N.S.M.,  University  of  Nebraska  State  Museum. 

Brachypotherium  Roger 

Type  species. — Rhinoceros  hrachypus  Lartet,  1837. 
Included  species. — The  type  species,  B.  aurelianensis  (Nouel, 

L866),  B.  snowi  (Fourtau,  1918),  B.  heinselini  Hooijer  (1963),  B. 
goldfussi  (Kaup,  1854),  B.  stehlini  Roman  and  Viret  (1934),  B. 
lewisi  Hooijer  and  Patterson,  1972;  and  B.  americanus  n.  sp.  (this 

paper). 
Known  range. — Lower  Burdigalian  through  Pontian  of  Europe; 

lower  Miocene  through  upper  Pliocene  of  Africa;  Upper  Oligocene 
to  Middle  Miocene  of  Kazakhstan;  Miocene  of  Japan;  and  early 
mid-Miocene  ol  North  America. 

Diagnosis. — The  following  features  distinguish  Brachypotherium 
From  Teleoceras:  loraiiicii  ovale  and  foramen  laeenuu  niedius  sepa- 

rate, post  tympanic1  process  light  and  just  in  contact  with  post 
glenoid  process.  M2/  anteroposterior  length  not  much  greater  than 
M3/  length,  PI/  large,  basilar  mound  on  sphenoid  small,  greatest 
breadth  across  frontal   lies  above  anterior  portion  of  orbit,  lacrimal 

expanded  anteriorly,  infraorbital  foramen  located  outside  ol  narial 
tlOtl  li    teeth  relatively  low  crowned,  2nd  metapodials  more  elongate 
than  in  Teleoceras. 
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Discussion. — Rhinoceroses  with  broad  skulls,  strong,  chisel- 
shaped  11/,  and  short  plump  limbs  are  grouped  together  in  the 
Tribe  Teleoceratini  Hay,  1902  (Heissig,  1973).  The  Afroeurasian 

teleoceratine  rhinos  are  generally  referred  to  the  genus  Brachy- 
potherium,  while  the  North  American  teleoceratine  rhinos  are 

referred  to  Teleoceras.  The  specimen  described  below  from  north- 
eastern Colorado  represents  the  first  documented  occurrence  of 

Brachypotherium  in  North  America.  The  University  of  Kansas 
specimen  herein  identified  as  Brachypotherium  cannot  be  referred 
to  any  North  American  genus.  The  primitive  Oligocene  genera 
(Subhyracodon,  Caenopus,  Trigonias)  as  well  as  Menoceras  and 
Diceratherium  (see  Tanner,  1969,  p.  398)  are  easily  distinguished 
from  this  skull.  The  brachypothere  skull  described  below  differs 
from  the  genoholotype  skull  of  Aphelops  ( A.M.N. H.  8292:  Cope  and 

Matthew,  1915;  Plates  CXXV-CXXVII,  CXXXV)  in  having  a  dis- 
tinct rugosity  at  the  tips  of  the  nasals,  suggesting  a  nasal  horn  on 

the  anterior  portion  of  the  nasal.  The  outline  of  the  nasal  is  V- 
shaped  in  cross-section,  whereas  it  is  essentially  flat  in  Aphelops. 
The  narial  notch  is  retracted  to  a  point  perpendicular  to  P3/  in 
Brachypotherium,  while  in  Aphelops  it  is  retracted  to  the  anterior 
portion  of  P4/.  The  occiput  is  vertical,  broad  at  top  as  well  as  at 
base  and  wider  than  greatest  breadth  across  frontals.  In  Aphelops 
the  occiput  is  tilted  slightly  posteriorly,  considerably  narrower  at 
top  than  at  base  and  narrower  than  greatest  breadth  across  frontals. 
The  occipital  crest  of  Brachypotherium  is  anteroposteriorly  more 

massive  when  compared  to  Aphelops.  These  characteristics  sepa- 
rate the  Colorado  brachypothere  from  all  valid  species  of  Aplielops 

(see  Tanner,  1967:11). 
The  genoholotype  skull  of  Peraceras  ( A.M.N. H.  1880:  Cope  and 

Matthew,  1915;  Plate  CXLIV  a-b)  differs  from  the  Colorado  brach- 
ypothere in  having  an  anteriorly  directed  occiput,  occipital  crest 

thin,  broader  skull  (especially  across  frontals),  flattened,  broader 
nasals,  narial  notch  retracted  to  anterior  of  P4/,  post  tympanic 
process  not  in  contact  with  post  glenoid  process,  11/  alveolus  very 

small,  and  premaxilla  reduced.  In  a  forth-coming  publication 
(Tanner)  evidence  will  be  presented  that  the  nasals  of  Peraceras 
probably  have  paired  lateral  horns,  and  therefore  differ  significantly 
from  those  of  Brachypotherium. 

Among  North  American  rhinocerotids,  only  specimens  referred 
to  Teleoceras  closely  approach  the  morphology  of  K.U.  9857.  This 
skull  was  compared  with  skulls  of  all  Teleoceras  species  in  the 
University  of  Nebraska  State  Museum  collection.  The  following 
similarities  were  observed:  skulls  short  and  broad,  occiput  vertical, 
broad  at  top  as  well  as  at  base,  narial  notch  relatively  short  ( above 
P3/),  nasals  have  rugosities  for  terminal  horn,  11/  alveoli  large, 

and  nasals  U-shaped  in  cross-section.    This  combination  of  char- 
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acters  separates  the  Tribe  Teleoceratini  Hay  (1902)  from  the  Tribe 

taeratherini  Dollo  (1885;  cf.  Heissig,  1973).  The  dentition,  espe- 
cially upper  molars  two  and  three,  of  Teleoceras  are  very  distinct 

from  other  rhinoceroses  of  the  Pliocene.  The  known  geologic  span 
for  Teleoceras  is  Yalentinian  through  Kimballian,  Tanner  (1975: 
23). 

It  is  unfortunate  that  the  remaining  teeth  of  K.U.  9857  are  so 
badly  worn  that  it  makes  it  difficult  to  discern  the  tooth  pattern. 
However,  if  a  comparison  is  made  of  K.U.  9857  with  upper  molars 
two  and  three  of  U.N.S.M.  62097,  a  right  maxillary  (P3/-M3/)  of 
a  Teleoceras  from  Clarendonian  age  deposits,  from  U.N.S.M.  Coll. 

Loc.  Bw-101  (Quinn  Rhinoceros  Quarry  of  Skinner  and  Quinn), 
Brown  County,  Nebraska,  there  is  a  distinct  difference.  The  com- 

bined greatest  diameter  of  M2/-M3/  (along  the  buccal  side)  for 
K.U.  9857  is  90  mm,  this  same  dimension  for  U.N.S.M.  62097  is  125, 
or  about  40  percent  larger.  Other  differences  of  Brachypotherium 
americanus  new  species  from  Teleoceras  are  included  in  the  generic 
diagnosis  in  this  paper.  The  following  species  of  Teleoceras  are 
valid:  T.  major;  T.  fossiger;  T.  hicksi;  T.  schultzi,  Tanner  (1975: 

23).  Comparisons  were  made  with  known  illustrations  of  Brachy- 
potherium skulls,  and  also  the  cast  of  the  holotype  skull  of  B. 

aurelianensis  in  the  American  Museum  of  Natural  History  Collec- 
tion. The  differences  between  K.U.  9857  and  Teleoceras  also  ap- 

parently separate  the  Afroeurasian  Brachypotherium  species  from 
Teleoceras.  Based  on  this  evidence  we  assign  specimen  K.U.  9857 
from  northeastern  Colorado  to  Brachypotherium;  and  considering 
the  small  size  of  the  skull  and  lack  of  a  frontal  rugosity,  we  propose 
a  new  species,  Brachypotherium  americanus. 

Brachypotherium  americanus  new  species 
Figs.  1,  2,  3 

Holotype. — K.U.  9857,  a  nearly  complete  skull. 
Type  Locality. — Northeast  one-quarter,  Section  27,  Township 

11  North,  Range  53  West,  University  of  Kansas  Museum  of  Natural 
History,  Quarry  A,  Martin  Canyon,  Logan  County,  Colorado. 

Si  rati  graphic  Occurrence. — Silty  sands  in  the  Pawnee  Creek 

Formation,  approximately  20'  above1  indurated,  lithic  conglomerate 
(  see  Galbreath,  1953;  26,  Section  XV).  The  evidence  for  the  strati- 
graphic  occurrence  and  biostratigraphic  correlations  of  the  Martin 
Canyon  local  fauna  and  deposits  containing  the  vertebrates  will  be 

presented  in  Yatkola's  dissertation  which  will  be  published  by  the 
University  of  Nebraska  Conservation  and  Survey  Division  in  the 
near  Future. 

The  vertebrate  assemblage  from  Quarry  "A"  sediments  is  older 
than  the  Marsland  Quarry  assemblage  U.N.S.M.  Coll.  Loc.  Bx-22, 

Box  Butte  County,  Nebraska,  located  approximately  25'  below  the 
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top  of  the  Marsland  Formation;  probably  older  than  the  Bridgeport 

Quarries,  U.N.S.M.  Coll.  Loc.  Mo-113-114,  Morrill  County,  Ne- 
braska; and  younger  than  Runningwater  Quarry  U.N.S.M.  Coll. 

Loc.  Bx-58,  located  approximately  20'  above  the  base  of  the  Mars- 
land  Formation.  The  faunas  collected  from  the  Marsland  Forma- 

tion were  considered  in  the  establishment  of  the  Hemingfordian, 

North  American  Land  Mammal  "Age"  (Wood  et  al.,  1941).  Quarry 
"A"  Local  Fauna  of  Martin  Canyon  is  best  considered  to  be  earliest 
Hemingfordian,  which  as  defined  by  the  Wood  Committee,  repre- 

sents middle  Miocene  "time"  in  North  America. 
Diagnosis. — Smaller  than  all  described  species  of  Brachypother- 

ium  except  B.  aurelianensis  var.  gailiti  (Borissiak,  1927).  Only 

slightly  smaller  than  B.  aurelianensis  (Nouel,  1866).  Brachypo- 
therium  americanus  lacks  the  well-defined  frontal  rugosity  which 
is  a  definite  character  of  B.  aurelianensis,  it  also  lacks  a  distinct 
nasal  cleft,  and  has  a  more  excavated  occiput. 

Description. — The  type  skull  (K.U.  9857),  is  only  slightly  dis- 
torted. Tooth  wear  indicates  the  remains  of  a  very  aged  individual. 

The  premaxilla  is  pushed  dorsally  reducing  the  depth  of  the  nasal 
incision  and  its  anterior  end  is  missing.  All  the  cheek  teeth  are 

missing  except  the  M2/-M3/  on  each  side.  The  right  zygomatic 
arch  is  pushed  in  slightly  and  the  left  side  of  the  face  was  acci- 

dentally cut  away.  The  specimen  was  discovered  while  making  a 
soil  core. 

The  skull  is  short,  broad  and  low. 

I 

Fig.    1. — Dorsal    view    of    the    holotype    of    Brachypotherium    americanus 
(K.U.  9857).   Length  of  skull:    440  mm. 

The  free  portion  of  the  nasal  is  rather  long  (144  mm  from  the 

narial  notch  to  the  tip  of  the  nasals),  U-shaped  in  cross-section, 
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inclined  at  an  angle  of  about  10  degrees  above  the  plane  of  the 
frontal,  gradually  tapers  anteriorly  and  has  a  distinct  rugose  area 
at  tin-  anterior  end.  The  posterior  margin  of  the  narial  notch  is 
perpendicular  to  the  center  of  the  P3/  alveolus.  The  infraorbital 
Foramen  is  located  outside  and  about  14  mm  behind  the  posterior 
margin  of  the  narial  notch,  placing  it  well  out  on  the  face. 

The  lacrimal  is  large,  ovoid  and  expanded  well  onto  the  face 
(53  mm  from  the  front  of  the  orbit  to  the  anterior  margin),  which 
amounts  to  about  70  percent  of  the  distance  between  the  narial 
notch  and  front  of  the  orbit.  The  lacrimal  foramen  is  large  (7  mm 
in  diameter)  and  located  internal  to  a  distinct  tuberosity  on  the 
anterior  margin  of  the  orbit. 

The  frontal  is  broadly  concave  and  widest  at  a  point  directly 
above  the  anterior  margin  of  the  orbit.  The  frontal  nasal  suture 
is  not  evident.    There  is  no  apparent  rugosity  but  arterial  nutritive 

Fie.  2.  —  Posterior  view  of  (lie  holotype  of  Brackypotkerium  amcricanus 

(K.U.  9857).  Breadth  <>!  skull:   285  mm. ' 

depressions  radiate  From  a  convex  surface  on  the  frontal  as  in  B. 
intrclitmoisis.    The  Frontal   Crests  arc  low  and  extend   forward  at  a 

35  degree  angle  From  (ho  piano  of  bilateral  symmetry. 
The  occipul  is  vertical  to  the  condyles  and  distinctly  elevated 

above    the    plane    Ol    the    frontal — the    angle    between    the   plane   of 
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the  frontal  and  the  anterior  slope  of  the  saggital  crest  is  approxi- 

mately 145  degrees.  The  sagittal  'crest  is  broad,  measuring  23  mm 
at  a  point  50  mm  from  the  posterior  margin  of  the  occiput,  dis- 

tinctly elevated  above  the  parietal  and  sharply  defined.  In  dorsal 
view  the  occipital  crest  is  relatively  broad,  amounting  to  63  percent 
of  the  maximum  skull  width. 

In  posterior  view  (Fig.  2)  the  top  of  the  occiput  is  almost  as 
broad  as  the  base,  tapering  only  slightly  dorsally,  and  is  more  broad 
than  high.  The  external  occipital  protuberance  forms  a  low  crest 
with  deep  emarginations  on  either  side.  The  lateral  occipital  area 
is  also  deeply  pocketed. 

The  occipital  condyles  are  well  developed,  widely  placed, 
amounting  to  58  percent  of  the  basal  width  of  the  occiput.  The 
dorsal  and  ventral  margins  of  the  foramen  magnum  exhibit  distinct 

U-shaped  notches;  the  ventral  notch  is  deeper. 
The  basicranial  length,  measured  from  the  center  of  the  fora- 

men magnum  to  a  point  midway  between  the  posterior  end  of  the 

maxilla,  makes  up  about  35  percent  of  the  skull  length.  The  post- 
glenoid  process  is  very  massive,  measuring  at  the  base,  36  mm 

anteroposteriorly  and  31  mm  transversely,  and  extends  further  ven- 
trally  (57  mm  below  the  basicranial  plane)  than  the  paraoccipital 
process.  The  anterior  margin  is  oriented  nearly  perpendicular  to 

the  basicranial  plane.  It  is  anteroposteriorly  elongate  with  the  trans- 
verse width  tapering  gradually  towards  its  tip. 

The  paraoccipital  process  is  much  lighter  than  the  post-glenoid 
and  tapers  to  a  less,  anteroposteriorly  elongate  tip.   The  process  is 

Fig.   3. — Lateral  view  of  the   holotype   of   Brachypotherium   americanus. 
Length  of  skull:   440  mm. 

roughly  triate  in  form,  being  divided  by  distinct  ridges  extending 
the  length  of  the  process.   The  internal  sulcus  is  the  deepest. 

The  hypoglossal  foramina  are  small  and  located  just  internal  to 
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the  base  of  the  paraoccipital  processes,  measuring  45  mm  across. 
The  foramina  ovale  are  located  just  internal  to  the  articular  groove 

of  the  temporal  bone  and  are  separated  by  a  large  bony  plate  from 
the  foramen  lacerum  medius.  The  bulla  tympanica  is  not  preserved. 

The  mastoid  process  is  much  expanded  into  a  broad  light  plate- 
like process  in  thickness  that  almost  comes  into  contact  with  the 

post-glenoid  process  and  extends  ventral  to  the  glenoid  surface. 

The  laterally  expanded  post-glenoid  process  and  the  mastoid  en- 
close a  long,  horizontally  oriented  passageway  leading  towards  the 

external  auditory  meatus. 

The  basal  part  of  the  occipital  is  not  much  expanded  above 

the  plane  of  the  basicranium.  There  is  a  narrow,  median,  antero- 
posteriorly  oriented  crest  located  on  the  body  of  the  sphenoid  and 
a  low  basal  mound.  In  Teleoceras  there  is  a  distinct  arched  basal 

mound  on  the  body  of  the  sphenoid.  The  body  of  the  sphenoid  is 

flat  and  broad  in  Br  achy  p  other  ium  but  expanded  in  Teleoceras. 

The  maxillary  teeth  extend  nearly  to  the  posterior  margin  of  the 
maxilla,  which  projects  well  back  into  the  orbitotemporal  fossa. 

The  maxillary  tuberosity  is  not  as  well  developed  as  in  Teleoceras. 

The  widely  separated  pterygoid  processes  flare  externally  and  are 

roughened  posteriorly. 

The  palate  is  approximately  the  same  width  between  M2/ 

(64  mm)  as  between  PI/  (71  mm).  The  broad  palatal  notch  ex- 
tends forward  to  the  anterior  end  of  the  M3/  and  fills  most  of  the 

breadth  of  the  palatal  area. 

The  zygomatic  arch  does  not  rise  very  high  or  steeply.  The 

widest  part  of  the  arch  is  67  mm  at  a  point  located  just  posterior 

to  the  M3/.  The  zygomatic  process  of  the  temporal  is  low,  rec- 
tangular-shaped, and  not  much  expanded  below  the  ventral  margin 

of  the  zygomatic  arch.  A  distinct  fossa  is  anterior  to  the  zygomatic 

process  of  the  temporal  on  the  ventral  surface  of  the  arch.  The 
malar  extends  posteriorly  to  a  point  54  mm  anterior  of  the  front 

of  the  zygomatic  process  of  the  temporal  and  well  in  front  of  the 

fossa  anterior  of  this  process.  In  Teleoceras  the  M3/  extends  pos- 
teriorly to  the  anterior  end  of  this  depression.  The  malar  narrows 

anteriorly  and  extends  slightly  into  the  face,  and  forms  the  ventral 
margin  <>l  the  orbit.  The  malar  is  very  narrow  (29  mm)  below 
the  center  of  the  orbit.  The  facial  crest  is  low  and  not  well  defined 

anteriorly. 

The  preinaxilla  is  somewhat  distorted,  but  is  broad  and  tapers 

only  slightly  anteriorly.  The  11/  alveolus  is  large-,  implying  a  large 
incisor. 

I  he  only  teeth  preserved  are  the  last  two  molars  in  each  side. 
These  teeth  are  badly  worn.  The  Only  observable  feature  is  the 
presence   of    a    low,    weak    internal    cingiilnin    around   the   internal 
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margin  of  the  tooth.  The  ectoloph  length  of  the  M2/  is  not  much 
greater  than  the  ectoloph  length  of  M3/. 

Discussion. — Skulls  are  known  for  only  four  of  the  described 
species  of  Brachypotherium:  B.  aurelianensis  (Nouel,  1866),  B. 
goldfussi  (Kaup,  probably  a  junior  synonym  of  B.  brachypus) ,  and 
B.  levoisi  (Hooijer  and  Patterson).  The  remaining  species  are  based 
on  dental  features. 

Brachypotherium  americanus  is  smaller  than  all  previously  de- 
scribed species  except  B.  aurelianensis  var.  gailiti  (Table  1).  B. 

levoisi  is  much  larger  and  differs  in  the  following  features:  shorter 
nasals,  narial  notch  retracted  to  above  anterior  of  P4/  and  a  broader 
skull.    B.  americanus  differs  from  B.  brachypus  in  its  smaller  size. 

Table  1. — Comparative  measurements  (mm)  of  Brachypotherium  americanus 
new  species  and  B.  aurelianensis  var.  gailiti  (after  Borissiak  1927) 

B.  americanus         B.  aurelianensis 

K.U.  9857  var.  gailiti 

Occipital  condyles  to  tip  of  premaxillary    (450)* 
Occipital  condyles  to  tips  of  nasals      492 
Midpoint  occipital  crest  to  tips  of  nasals   ....  440  (369) 

Anterior  margin  of  P1  to  occipital  condyles   .  .  390 
Narial  notch  to  occipital  crest    335 
Palatal  notch  to  foramen  magnum      210 
Palatal  notch  to  palatal  foramina   
Narial  notch  to  tips  of  nasals      150 
Zygomatic  breadth  ( maximum )       285 

Width  across  palate  between  M2          64 
Occipital  height,  base  condyles  at  midpoint 

to  crest        165 

Occipital  width  ( maximum )      base  ....  195 
midpoint  ....  180 

Condylar  width  (outer  margins  occ.  condyles)  100 

Post.  M3  occipital  condyles      187 
Length  M2    (maximum)             43.3  34.7 
Width  M2   (maximum)       (53.6)  41.2 
Length  M3  (ectoloph)             46.6  36.5 
Width  M3   (maximum )            45.6  36.9 
Length  M3  midline           42.4  31.5 
P  alveolus        A-P  .  .  .  .       31 

trans  ....        14.5 

P1  alveolus      A-P  ...  .        14.6 
trans          12.7 

Post,  margin  narial  notch  to  ant.  end  orbit  75  54 
Width  nasals  at  post,  end  narial  notch           94 
Width  supraoccipital  processes        156 
Ant.  border  orbit — external  aud.  meatus    228 

Width  post-glenoid  process   ( external )       124 
Max.  width  braincase        144 
Distance  between  foramina  ovale          59.4 

*  Numbers  in  parentheses  are  approximate  diameters. 
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Brackypotherium  americanus  is  closest  in  morphology  and  size 
to  B.  aurelianensis.  The  holotype  skull  of  B.  americanus  is  15  per- 

cent smaller  than  the  holotype  B.  aurelianensis.  This  size  difference 
seems  significant,  since  both  skulls  probably  represent  males.  The 
skull  referred  to  B.  goldfussi,  which  was  originally  referred  to 
B.  brachypus  (Osborn,  1904a;  Roger,  1900),  is  approximately  15 
percent  larger  than  B.  aurelianensis.  B.  aurelianensis  has  a  frontal 
rugosity,  which  is  absent  in  B.  americanus  and  all  other  species  of 

Brackypotherium.  It  is  present  on  Teleoceras  mediocornutus,  Os- 
born 1904b.  The  nasal  cleft  is  not  distinct  in  B.  americanus,  as  in 

B.  aurelianensis.  This  may  be  an  old  age  feature,  although  very 

aged  Teleoceras  individuals  retain  a  distinct  nasal  cleft.  The  occi- 
put of  B.  americanus  is  distinctly  more  excavated  than  B.  aurelian- 

ensis, but  this  may  be  an  artifact  of  preservation.  Braclujpotherium 

americanus  is  most  closely  related  to  B.  aurelianensis.  We  con- 
sider B.  americanus  to  be  derived  over  B.  aurelianensis,  based  on 

the  lack  of  a  frontal  rugosity  and  an  emarginate  occiput. 

The  presence  of  Braclujpotherium  in  North  America  is  of  great 
significance  for  intercontinental  correlation.  Specimens  of  B. 
aurelianensis  have  been  recovered  from  Neuville — aux — Bois  in 

France.  Mayet  (1908)  and  most  European  vertebrate  paleontol- 
ogists consider  the  age  of  the  vertebrate  assemblage  from  Neuville 

— aux — Bois,  and  its  principal  correlatives,  Chilleurs — Aux — Bois 

and  Wintershof  West,  to  be  early  Burdigalian.  The  Quarry  "A" 
assemblage  cannot  be  much  younger  than  faunas  from  these  Euro- 

pean localities.  Wilson  (1960,  1968)  has  already  pointed  out  the 
similarity  between  the  early  Burdigalian  rodents  and  insectivores 

and  those  of  Quarry  "A." 

The  limb  bones  from  Quarry  "A,"  which  are  reported  to  have 
been  associated  with  the  skull  K.U.  9857,  are  not  being  assigned  to 
a  species  at  this  time.  It  is  necessary  that  a  further  study  of  these 
post  axial  elements  be  made  before  a  conclusive  assignment  can 
be  made.  A  preliminary  study  indicates  that  the  dimensions  are 
near  those  of  Menoceras  falkenbachi  Tanner,  from  the  Bridgeport 

Quarries  U.N.S.M.  Collecting  Locality  Mo  113-114,  Morrill  County, 
Nebraska.  The  elements  are  not  the  short  heavy  limb  bones  typical 
of  the  Teleoceras  From  the  Pliocene  deposits. 
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SYSTEMATIC  STUDIES  OF  DARTERS  OF  THE 

SUBGENUS  CATONOTUS  (PERCIDAE),  WITH 
THE  DESCRIPTION  OF  A  NEW  SPECIES 

FROM  CANEY  FORK,  TENNESSEE 

By 

Marvin  E.  Braasch1  and  Lawrence  M.  Page2 

In  the  middle  1960's  Warren  U.  Brigham,  then  at  Tennessee 
Technological  University,  collected  a  previously  unknown  darter 
while  conducting  a  census  of  the  fishes  of  Putnam  County, 
Tennessee.  This  darter,  an  endemic  of  Caney  Fork  and  nearby 
tributaries  of  the  Cumberland  River,  is  herein  described  and  com- 

pared with  its  closest  relative,  Etheostoma  squamiceps  Jordan. 
Etheostoma  squamiceps  is  a  polytypic  form  under  examination  by 
several  investigators.  Discussion  of  E.  squamiceps  herein  is  limited 
to  a  comparison  with  the  new  species. 

Methods 

Characters. — Characters  examined  were  numbers  of  lateral 
scales,  pored  lateral  line  scales,  unpored  lateral  scales,  transverse 
scales  above  and  below  the  lateral  line,  infraorbital  canal  pores, 

supraorbital  canal  pores,  supratemporal  canal  pores,  preoperculo- 
mandibular  canal  pores,  lateral  canal  pores,  coronal  pores,  dorsal 
fin  spines  and  rays,  branched  caudal  fin  rays,  anal  fin  spines  and 
rays,  pelvic  fin  spines  and  rays,  and  pectoral  fin  rays;  pigmentation 

patterns;  squamation  of  head,  nape  and  breast;  head  length/stand- 
ard length  (HL/SL),  body  depth/SL  (BD/SL),  caudal  peduncle 

depth/SL  (CPD/SL),  pectoral  fin  length/SL  (P1L/SL),  pelvic 
fin  length/SL  (P2L/SL),  preorbital  length/HL  (PreOL/HL),  eye 

1  Assistant  Professor,  Belleville  Area  College,  Belleville,  Illinois  62221 
2  Associate   Taxonomist,    Illinois    Natural    History   Survey,    Urbana,    Illinois 

61801 
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diameter  HL  (ED  HL),  first  dorsal  fin  height  first  dorsal  fin  base 
length  (DH  D1L). 

Counts  and  measurements  were  made  as  described  by  Hubbs 

and  Lagler  ( 1964 )  and  Page  and  Braasch  ( 1976 )  with  the  follow- 
ing exceptions.  The  number  of  transverse  scales  was  counted  from 

the  anal  fin  insertion  anteriodorsally  to  the  base  of  the  first  dorsal 

fin  and  expressed  as  two  variables — scales  above  lateral  line  and 
scales  below  lateral  line.  The  lateral  line  row  was  arbitrarily  in- 

cluded in  the  ventral  count  and  all  scales  no  matter  how  small  were 

counted.  First  dorsal  fin  height  was  the  length  of  the  first  dorsal 

spine. 
Cheeks,  opercles,  nape  and  breast  were  classified  as  scaled  if 

scales  were  exposed  with  free  margins,  embedded  if  scales  were 
covered  with  skin  (no  exposed  margins),  and  unsealed  if  no  scales 
were  present. 

Analysis. — Counts  and  measurements  were  compared  among 
samples  determined  by  sex  (dimorphic),  by  age  (ontogenetic), 
and  by  stream  system  ( geographic) .  A  multivariate  test  ( Stepwise 

Discriminant  Analysis  BMD07M,  KU  Comp.  Center)  and  one-way 
analysis  of  variance  were  used  to  determine  significances  of  differ- 

ences in  means  of  samples. 

EtJieostoma  olivaceum,  new  species 

Dirty  Darter 

Holotype. — Illinois  Natural  History  Survey  75734,  an  adult  male 
50.5  mm  SL  (Fig.  1),  collected  in  Rock  Springs  Branch  at  Rock 

Springs  Church,  2  km  N  Buffalo  Valley  (36°  10'  N,  85°  47'  W), 
Putnam  County,  Tennessee,  on  14  June  1975  by  B.  M.  Burr  and 
L.  M.  Page. 

Ik..    !.     Etheortoma  olivaceum  holotype  (INIIS  75734),  male,  50.5  mm 
SL   Rock  Spiinus  Branch,  Putnam  U<>.,  Tennessee,  14  June  1975. 
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Paratypes. — A  total  of  87  specimens  deposited  as  follows:  18 — 
Illinois  Natural  History  Survey  (INHS  75735,  10  specimens,  36-58 
mm  SL,  same  collection  data  as  holotype;  INHS  75576,  8  speci- 

mens, 35-64  mm  SL,  same  locality  as  holotype,  11  Dec.  1976); 
6— U.  S.  National  Museum  (USNM  216895,  34-46  mm  SL,  same 
collection  data  as  holotype ) ;  6 — University  of  Michigan  Museum  of 
Zoology  (UMMZ  200208,  35-48  mm  SL,  same  collection  data  as 
holotype);  6— University  of  Tennessee  (UT  91.1332,  37-45  mm  SL, 
same  collection  data  as  holotype);  6 — Tulane  University  (TU 
101391,  37-50  mm  SL,  same  collection  data  as  INHS  75576); 
6— University  of  Alabama  (UAIC  5341.01,  39-48  mm  SL,  same 
collection  data  as  INHS  75576);  6 — Northeast  Louisiana  University 
(NLU  35160,  41-51  mm  SL,  same  collection  data  as  INHS  75576); 
33— The  University  of  Kansas  (KU  11442,  34-59  mm  SL,  Dry  Fork, 
3  km  W  Gordonsville,  Smith  Co.,  TN,  7  April  1966). 

Etymology. — The  name  olivaceum  refers  to  the  olive  color  of 
nonb reeding  individuals.  The  common  name,  dirty  darter,  was 
suggested  by  Dr.  David  A.  Etnier,  University  of  Tennessee,  and 
refers  to  the  drab  color  and  indistinct  mottling  on  the  sides. 

Diagnosis. — The  subgenus  Catonotus  of  Etheostoma  was  diag- 
nosed by  Kuehne  and  Small  (1971).  The  presence  of  an  uninter- 
rupted infraorbital  canal  in  E.  olivaceum  and  E.  neopterum  Howell 

and  Dingerkus  ( 1978 )  requires  that  the  subgeneric  description  of 

the  infraorbital  canal  be  modified  to  "infraorbital  canal  interrupted 
or  uninterrupted."  In  addition,  the  cheek,  breast,  nape  and 
prepectoral  area  may  be  scaled  or  unsealed. 

Etheostoma  olivaceum  is  distinguished  from  all  other  members 
of  the  subgenus  by  the  following  combination  of  characteristics: 
an  uninterrupted  infraorbital  canal  with  eight  infraorbital  pores, 
10  preoperculomandibular  pores,  13  or  more  pored  lateral  line 
scales,  scales  present  on  nape  and  prepectoral  area,  scales  absent 
on  cheek  and  opercle,  distinct  black  vertical  bands  on  caudal  fin, 
branchiostegal  membranes  slightly  connected,  no  bar  pattern  on 
cheek,  no  red  or  blue  pigments,  no  dark  suborbital  bar,  usually 
nine  dorsal  spines,  12-13  dorsal  rays,  and  seven  or  eight  anal  rays. 

Comparisons. — Etheostoma  olivaceum  is  separated  from  all 
species  of  Catonotus  except  E.  neopterum  by  the  uninterrupted 
infraorbital  canal  and  from  E.  neopterum  by  the  absence  of  scales 
on  the  opercle.  E.  olivaceum  is  further  separated  from  the  barcheek 
species  of  Catonotus  (virgatum,  oheyense,  barbouri,  smithi, 
striatulum)  by  the  lack  of  the  bar  pattern  on  the  cheek,  lack  of 
red  and  blue  pigments,  and  modally  7-8  anal  rays;  from  E.  flabel- 
lare,  E.  kennicotti,  and  the  barcheeks  by  the  presence  of  scales  on 
the  nape  and  prepectoral  area;  and  from  its  closest  relative,  E. 
squamiceps,  by  the  absence  of  scales  on  cheeks  and  opercles,  ab- 

sence of  a  dark  suborbital  bar,  modally  seven  scales  above  the 
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lateral  line  (Table  1),  modally  12  pectoral  rays  (Table  2),  and 
modally  12  dorsal  rays  (Table  3). 

Description. — Etheostoma  olivaceum  is  a  moderately  large 
species  of  Catonotus,  largest  specimen  67  mm  SL;  infraorbital  canal 

uninterrupted,  normally  with  8  pores  (9  in  8%);  preoperculo- 
mandibular  canal  with  10  pores  ( 9  in  8% ) ;  supraorbital  canal  with 
4  pores  (5  in  24%);  supratemporal  canal  interrupted  medially, 

pores  2 — 2;  premaxillary  frenum  moderate  to  broad;  branchiostegal 
rays  six;  branchiostegal  membranes  with  slight  to  moderate  fusion; 
preopercle  entire. 

Head  unsealed;  body  including  nape  scaled,  breast  unsealed 

or  with  embedded  scales,  prepectoral  area  scaled  (often  em- 
bedded;) 44-58  lateral  scales;  13-46  pored  lateral  line  scales;  10-37 

unpored  lateral  scales;  5-8  (usually  6-7)  transverse  scales  above 
lateral  line;  7-12  (usually  8-10)  scales  below  lateral  line. 

First  dorsal  fin  with  8-10  (usually  9)  spines,  with  small  terminal 
knobs  in  both  sexes;  second  dorsal  fin  with  11-14  (usually  12-13) 
rays;  2  anal  spines;  6-9  (usually  7-8)  anal  rays;  14-16  branched 
caudal  rays;  11-13  (usually  12)  pectoral  rays;  1  pelvic  spine;  5 
pelvic  rays. 

Body  proportions:  HL/SL,  X=0.29;  BD/SL,  0.21;  CPD/SL, 
0.13;  P1L/SL,  0.23;  P2L/SL,  0.19;  PreOL/HL,  0.25;  ED/HL,  0.27; 
DH/D1L,  0.26. 

Color  of  freshly  preserved  specimens:  Basic  body  color  of 
females  and  nonbreeding  males  (Fig.  2)  varies  from  yellowish  tan 

to  dark  olive-brown.  Pale  individuals  have  dark  markings  on  sides 
varying  from  an  indistinct  mottling  to  8-10  fairly  distinct  vertical 
bars;  bars  do  not  connect  dorsally  or  ventrally.  Dark  spots  are 
sometimes  present  at  base  of  caudal  fin  but  are  never  darker  than 

other  markings.  Dark  individuals  show  no  pattern  and  are  uni- 
formly olive-brown  laterally. 

Dorsum  usually  lighter  than  sides,  with  0-10  dark  blotches. 
Venter  much  lighter  than  sides,  ranging  from  olive  or  gray  to  white. 
Large  dark  humeral  spot  present.  Anterior  lateral  line  pores  un- 
pigmented  and  conspicuous  on  darker  individuals.  Head  with 

dark  pre-and  postorbital  bars;  no  suborbital  bar  (teardrop);  head 
above  bars  dark,  cheeks  and  throat  light. 

First  dorsal  fin  colorless  except  for  a  gold  or  brown  subdistal 
band,  and  scattered  mclanophores  concentrated  on  membranes 
along  subdistal  band  and  along  basal  part  of  fin;  basal  part  of  fin 
thickened;  light  colored  knobs  present  on  tips  of  spines.  Second 
dorsal  fin  with  four  to  seven  dark  bands;  rays  often  produced 
beyond  membranes  making  distal  edge  of  fin  appear  ragged;  basal 
part  of  fin  thickened.  Caudal  fin  with  mclanophores  clustered  along 
rays  forming  6-9  dark  bands;  distal  margin  of  fin  clear.  Anal  and 
pelvic  fins  clear.    Pectoral  fins  with  6-9  indistinct  bands. 
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Fig.  2. — (A)  Etheostoma  olivaceum  male,  54  mm  SL;  (B. )  E.  olivaceum 
female,  48  mm  SL,  both  Rock  Springs  Brunch,  Putnam  Co.,  TN.,  14  June 
1975;  I  C.)  /-•  squamicepa  male,  83  mm  SL,  26  April  1975;  (D.)  E.  squamicepa 
female,  58  mm  SL,  18  Jan.  1972,  both  Ferguson  Creek,  Livingston  Co.,  KY. 

Breeding  males  very  dark.  Sides  and  head  uniform  brown  to 

black;  dorsum  somewhat  lighter;  venter  lighter  but  still  heavily 

pigmented.  No  markings  on  head  or  sides.  Flesh  of  head  swollen. 
First  dorsal  fin  black  with  white  knobs  on  tips  of  spines  and  small 

li'j;lif  or  unpigmented  windows  juxtaposed  medially  behind  each 
spine;  on  large  males  a  small  black  spot  behind  each  spine 

distally;  h'jj;ht  area  at  base  of  fin  extends  up  a  short  distance  into 
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membranes;  membranes  swollen  at  base.  Second  dorsal  fin  dark 

with  3-5  narrow  wavy  gold  bands,  a  broad  distal  light  margin,  and 
a  narrow  basal  light  area;  rays  produced  beyond  membranes. 

Caudal  fin  with  a  broad  white  margin  and  with  5-10  narrow  gold 
bands  alternating  with  an  equal  number  of  black  bands.  Anal  fin 
dark  with  broad  white  margin;  membrane  around  first  spine  greatly 
thickened;  fin  membrane  swollen  at  base.  Pectoral  fin  dark  gray 
except  for  white  margin  and  narrow  light  basal  band.  Pelvic  fin 
dark  with  white  knobs  on  spines  and  lighter  area  at  base  of  fin. 
Breeding  tubercles  absent. 

Variation.— Etheostoma  olivaceum  shows  little  variation  except 
in  color.  Only  one  characteristic  showed  significant  (a=.005) 
sexual  dimorphism.  Males  have  deeper  caudal  peduncles  in  relation 
to  standard  length  (X=0.131)  than  do  females  (X=0.119).  To 
test  for  ontogenetic  variation  specimens  were  divided  into  two 
classes,  those  under  40  mm  SL  and  those  over  40  mm  SL.  Only  one 
characteristic  showed  significant  variation;  small  individuals  have 
a  larger  eye  diameter  in  relation  to  head  length  (X=0.28)  than  do 
large  individuals  (X=0.26).  No  geographic  variation  was  found. 

Distribution  and  Habitat. — Etheostoma  olivaceum  occurs  spo- 
radically in  direct  tributaries  of  the  Cumberland  River  in  Trousdale 

and  Smith  counties  and  more  abundantly  in  small  tributaries 
of  the  lower  Caney  Fork  system  in  central  Tennessee  (Fig. 
3).  The  closely  related  E.  squamiceps  is  not  sympatric  but  is  found 
in  tributaries  of  Collins  River  in  the  upper  Caney  Fork  system  and 
in  other  tributaries  of  Cumberland  River  only  a  few  miles  west  of 
Caney  Fork.  E.  olivaceum  inhabits  small  streams  with  an  abun- 

dance of  large  rocks  or  bedrock.  In  streams  only  1-2  m  wide  it  is 
sometimes  the  most  abundant  species  of  fish.  Many  individuals, 
particularly  females  and  young  are  found  in  pools;  larger  males 
are  often  in  riffles.  Brigham  (1966)  found  the  species  in  Putnam 
Co.  in  streams  having  a  mean  width  of  3.7m,  depth  of  0.2m, 
gradient  of  7.6m/km,  and  water  velocity  of  0.2m/sec. 

Material  Examined 

Numbers  in  parentheses  are  numbers  of  specimens  examined. 
Complete  locality  data  are  available  from  the  authors. 

Etheostoma  olivaceum. — Caney  Fork:  Rock  Springs  Br.,  Putnam  Co.,  Tn.: 
INHS  75734  (1),  75735  (10),  75576  (8),  USNM  216895  (6),  UMMZ  200208 
(6),  UT  91.1332  (6),  TU  101391  (6),  UAIC  5341.01  (6),  NLU  35160  (6); 
Indian  Cr.,  Putnam  Co.,  Tn.:  KU  13043  (31),  MEB  (M.  E.  Braasch)  73  (5), 
MEB  20  (14);  Little  Indian  Cr.,  Putnam  Co.,  Tn.:  MEB  74  (8);  Mine  Lick  Cr., 

Putnam  Co.,  Tn.:  INHS  75873  (13),  TTU  (Tennessee  Technological  Univer- 
sity) (5),  TTU  (3);  Dry  Fork,  Smith  Co.,  Tn.:  KU  11442  (33),  MEB  51  (13), 

KU  16207  (6),  UT  91.34  (9);  Dry  Cr.,  DeKalb  Co.,  Tn.:  KU  16214  (6),  UT 
91.57  (35),  UT  91.281  (79);  Saunders  Fork,  Wilson  Co.,  Tn.:  MEB  41  (1); 
Saunders  Fork,  Cannon  Co.,  Tn.:  INHS  75879  (20).  Cumberland:  trib.,  Dixon 
Cr.,  Trousdale  Co.,  Tn.:  INHS  80586  (1);  trib.,  Dixon  Cr.,  Trousdale  Co.,  Tn.: 
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Fie.  3. — Caney  Fork  System  and  adjacent  tributaries  of  Cumberland  River 
with  distribution  of  localities  from  which  Etheostoma  olivaceum  has  been  col- 

lected and  nearby  localities  for  E.  squamiceps.  Localities  include  those  in 
Brigham  (1966). 

INHS  80587  (7);  Dixon  Cr.,  Smith  Co.,  Tn.:  INHS  80588  (2);  trib.,  Peyton 
Cr.,  Smith  Co.,  Tn.:  INHS  80589  (1);  trib.,  Peyton  Cr.,  Smith  Co.,  Tn.: 
INHS  80590  (7). 

Etheostoma  squamiceps. — Lower  Cumberland:  Dry  Fork,  Lyon  Co.,  KY.: 
KU  11581  (1),  INHS  75877  (12);  Donaldson  Cr.,  Trigg  Co.,  KY.:  KU  10722 
(1);  Crab  Cr.,  Lyon  Co.,  KY.:  UMMZ  174973  (7):  Dry  Cr.,  Caldwell  Co., 
KY.:  INHS  75740  (3);  trib.,  Eddy  Cr.,  Caldwell  Co.,  KY.:  UMMZ  174869  (7); 
Eddy  Cr.,  Caldwell  Co.,  KY.:  UL  5080  (2);  Livingston  Cr.,  Caldwell  Co.,  KY.: 
UL  6478  (2);  Ferguson  Cr.,  Livingston  Co.,  KY.:  INHS  75874  (12),  INHS 
75875  (23);  Richland  Cr.,  Livingston  Co.,  KY.:  INHS  75863  (14);  Hickory 
Cr.,  Livingston  Co.,  KY.:  INHS  75876  (1);  Little  R.,  Christian  Co.,  KY.: 
UMMZ  154770  (5);  Sinking  Fork  Cr.,  Christian  Co.,  KY.:  UL  10780  (29). 

Middle  Cumberland:  Bradley's  Cr.,  Rutherford  Co.,  TN.:  KU  11477  (8); 
Buihman'l  Cr.,  Rutherford  Co.,  TN.:  UMMZ  158764  (5);  E.F.  Stones  R., 
Cannon  Co.,  TN.:  KU  11681  (1),  INHS  75873  (2);  Harpeth  R.,  Williamson 
Co.,  TN.:  INHS  75870  (1);  Little  Harpeth  R.,  Williamson  Co.,  TN.:  UMMZ 
1777581  (23);  Rutherford  Cr.,  Williamson  Co.,  TN.:  UMMZ  121546  (5); 
Jones  Cr.,  Dickson  Co.,  TN.:  TU  14663  (1);  trib.,  W.F.  Red  R.,  Christian  Co., 
KY.:    INHS  75792   (1);   West  Br.  Montgomery  Cr.,  Christian  Co.,  KY.:    UL 
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5323  (1);  Richland  Cr.,  Davidson  Co.,  TN.:  UMMZ  177570  (31),  UMMZ 
174481  (15);  Cumberland  system,  Davidson  Co.,  TN.:  UMMZ  96371  (4); 
branch,  Stones  R.,  Davidson  Co.,  TN.:  UMMZ  96363  (53);  Wills  Cr.,  Houston 
Co.,  TN.:  INHS  75814  (1);  creek,  Montgomery  Co.,  TN.:  INHS  75766  (2); 
Louise  Cr.,  Montgomery  Co.,  TN.:  MEB  10  (1);  creek,  Montgomery  Co., 
TN.:  UMMZ  160995  (1);  Dry  Fork  Cr.,  Logan  Co.,  KY.:  INHS  75800  (4); 
Whippoorwill  Cr.,  Logan  Co.,  KY.:  UL  6690  (1),  UL  5833  (2);  Round  Lick 
Cr.,  Smith  Co.,  TN.:  KU  12012  (5);  Bledsoe  Cr.,  Sumner  Co.,  TN.:  UMMZ 
166402  (2),  UAIC  2974  (9);  spring  and  creek,  Stewart  Co.,  TN.:  UMMZ 
161005  (8);  trib.,  Cumberland  R.,  Stewart  Co.,  TN.:  UMMZ  168371  (1); 
W.F.  Red  R.,  Todd  Co.,  KY.:  UL  5323  (1);  spring,  Coffee  Co.,  TN.:  UAIC 
2417  (1),  UAIC  2536  (1). 
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Summary 

Etheostoma  olivaceum,  herein  described,  is  restricted  to  Caney 
Fork  and  nearby  tributaries  of  the  Cumberland  River  in  central 
Tennessee.  It  is  separated  from  all  other  species  of  Catonotus  by  the 
combination  of  an  uninterrupted  infraorbital  canal  and  no  scales  on 
the  opercle,  and  is  further  distinguished  from  its  closest  relative,  E. 
squamiceps,  by  the  absence  of  scales  on  cheeks  and  opercles, 
absence  of  a  dark  suborbital  bar,  and  modally  seven  scales  above 

the  lateral  line,  9-10  scales  below  the  lateral  line,  12  pectoral  rays, 
and  12  dorsal  rays. 
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THE   FOSSIL  FAUNA  FROM   LOST  AND  FOUND 

QUARRIES   (HEMPHILLIAN:  LATEST  MIOCENE), 
WALLACE  COUNTY,  KANSAS 

By 

Debra  
K.  Bennett1 

Hibbard  (1934)  reviewed  the  discovery  in  1911  of  Lost  Quarry 
by  a  University  of  Kansas  Vertebrate  Paleontology  party  led  by 

H.  T.  Martin  "while  collecting  with  team  and  wagon  along  the 
South  Fork  of  the  Smoky  Hill  River."  This  deposit,  located  in  the 
NW  %,  Sec.  1,  T.  15  S,  R.  38  W.,  of  Wallace  County,  was  noted  by 
Martin  in  1911.  A  few  scraps  of  fossil  bone  were  collected  in  1911 
and  although  Martin  made  repeated  efforts  to  find  this  locality  in 
1912  and  succeeding  field  seasons,  he  was  unable  to  relocate  the 
quarry  until  1928.  Since  its  rediscovery,  Lost  Quarry  was  visited  by 

KUVP  collectors  in  1931,  1962  and  1963.  Contrary  to  Hibbard's 
( 1934 )  expectation,  Lost  Quarry  has  not  yielded  an  abundant 
fauna.  There  now  totals  less  than  100  specimens  from  Lost  Quarry, 
although  the  overall  taxonomic  diversity  displayed  in  this  collection 
is  nearly  as  great  as  that  of  the  more  productive  Rhinoceros  Hill 
Quarry  (Bennett,  1977).  Some  of  the  collection  from  Lost  Quarry 
may  have  been  made  slightly  up  or  downstream  from  the  stated 
locality.  Surface  collection  yielded  the  bulk  of  specimens.  This 
was  true  also  for  early  KUVP  collection  at  Rhinoceros  Hill,  where 

the  first  rhinoceros  specimens  were  located  by  uprooting  sage- 
brushes growing  upon  them  (R.  W.  Wilson,  pers.  comm.,  1977). 

Found  Quarry  was  discovered  April  8,  1963  by  W.  Clemens 
and  party,  while  the  KUVP  crew  collected  at  Lost  Quarry.   Found 

1  Division  of  Vertebrate  Paleontology,  Museum  of  Natural  History  and 
Department  of  Systematics  and  Ecology,  University  of  Kansas,  Lawrence,  KS 
66045. 
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Quarry  is  located  in  the  NW  K,  Sec.  1,  T.  15  S.,  R.  38  W.,  Wallace 

Count}-,  a  little  less  than  1  km  east  of  the  Lost  Quarry  locality  on 
the  opposite  side  of  the  local  drainage.  Both  Lost  Quarry  and 

Found  Quarry  are  located  about  36  km  south-southeast  of  Rhinoc- 
eros Hill  and  Edson  Quarries,  which  are  located  in  extreme  north- 

eastern Wallace  and  extreme  southeastern  Sherman  Counties, 

respectively. 
Hibbard  (1934)  placed  Edson  Quarry  stratigraphically  about  9 

meters  below  Rhinoceros  Hill  Quany  in  the  sandy,  loosely  carbo- 
nate-cemented sediment  of  the  Ogallala  Formation;  it  may  be  as 

little  as  4.5  meters  below  the  main  diatomaceous  layer  at  Rhinoc- 

eros Hill  (Bennett,  1977).  Hodson's  (1963)  structural  cross-section 
of  the  traverses  between  Edson  Quarry  and  Rhinoceros  Hill  Quarry, 

and  between  Rhinoceros  Hill  Quarry  and  Lost  and  Found  Quar- 
ries, reveals  that  little  tectonic  deformation  has  affected  the  Ogal- 
lala sediments  along  north-south  traverses  in  this  part  of  Kansas. 

Thus  north-south  line-of-sight  estimations  of  equal  stratigraphic 
level  are  reasonable.  Rhinoceros  Hill  Quarry  and  Edson  Quarry 
appear  to  be  nearly  at  the  same  level  as  Lost  Quarry  and  Found 

Quarry;  all  four  quarries  occur  between  975  and  1050  m  (3200- 
3400  feet)  above  sea  level.  The  faunas  from  all  four  quarries  are 
comparable  at  the  species  level. 

The  quarries'  occurrence  at  the  same  elevation  above  sea  level 
is  an  artifact  of  the  local  weathering  regime.  Pierre  Shale  (Creta- 

ceous) forms  a  highly  dissected  topography  underlying  the  local 

Mio-Pliocene  sequence  in  which  these  quarries  are  located.  Sub- 
sequent to  deposition  of  the  Ogallala  Formation,  dissection  through 

stream  erosion  and  deposition  of  Pleistocene  gravel  and  loess  oc- 
curred (Elias,  1931).  Because  dissection  preceded  deposition. 

Pleistocene  sediments  were  deposited  not  only  on  but  also  around 
hillocks  composed  of  Miocene  sands,  themselves  resting  upon 

ancient  Cretaceous  "highs"  in  the  Pierre  Shale.  The  present  topog- 
raphy includes  isolated  "islands"  of  Miocene  sediment  both  capped 

by  and  surrounded  by  Pleistocene  alluvium  and  loess.  Along  this 
Fairly  narrow  north-south  traverse,  uplift  associated  with  Front 
Range    tectonics   has   resulted   in   approximately   equal   elevations. 
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SYSTEMATIC  DESCRIPTIONS 

The  descriptions  and  discussions  below  contain  taxonomic,  sys- 
tematic and  paleoecologic  information.  The  faunas  of  Lost  and 

Found  Quarries  are  discussed  together,  although  the  quarry  from 

which  each  specimen  comes  is  specified.  All  specimens  are  cata- 
loged in  the  University  of  Kansas  Vertebrate  Paleontology  col- 

lections. 

ANURA,  gen.  and  sp.  indet. 

Material— Scapula  KUVP-43130. 
Locality. — Found  Quarry. 
Discussion. — A  broken  scapula  indicates  the  presence  of  at  least 

one  frog  at  Found  Quarry. 

SQUAMATA 
Heterodontidae 

Heterodon  Latreille,  1800,  sp.  indet. 

Material— Vertebra,  KUVP-43129. 
Locality. — Lost  Quarry. 
Discussion. — A  single  broken  vertebra  represents  this  taxon. 

MAMMALIA 

Carnivora 

Felidae  Gray,  1821 

Felinae  Trouessart,  1885 

Pratifelis  Hibbard,  1934 

Pratifelis  martini  Hibbard,  1934 

Material. — Type  specimen,  KUVP-3156,  left  mandibular  ramus 
bearing  P:J„  P4,  Mi  and  alveolus  for  inferior  canine;  partial  right 
ramus  KUVP-3864,  containing  alveoli  for  inferior  canine  and  P3, 
and  partial  P4. 

Locality. — Lost  Quarry. 
Figure. — 1C;  see  also  Hibbard,  1934,  figures  4  and  5. 
Discussion. — The  dentary  of  KUVP-3864  displays  three  mental 

foramina.  Although  the  P4  is  broken,  it  can  be  seen  to  have  been 
heavier  and  larger  than  the  corresponding  tooth  in  the  jaw  assigned 
to  Adelphailurus  (see  below).  The  P.t  is  situated  in  line  with  the 
axis  of  the  jaw.  The  anterior  basal  cuspule  ( =  anterior  accessory 
cusp)  is  broken  away;  the  posterior  accessory  cusp  is  situated  on 
a  well-developed  heel,  the  anteroposterior  length  of  which  is  4.2 
mm  (Table  1).  The  greatest  transverse  diameter  of  the  tooth  is 
across  this  posterior  cusp.  The  anterior  margin  of  the  alveolus 
for  P3  is  separated  from  the  posterior  margin  of  the  alveolus  for 
the  inferior  canine  by  a  diastema  of  12.0  mm.    The  alveolus  for 
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the  canine  indicates  a  large,  conical  tooth.  The  symphysis  is  short; 
it  measures  about  2.4  mm  in  dorsoventral  diameter  and  slopes 
slightly  toward  the  base  to  terminate  beneath  the  middle  of  the 

diastema.  These  characters  closely  match  those  described  by  Hib- 
bard  (1934)  for  the  type. 

Measurements. — KUVP-3864,  P4:  anteroposterior  length,  1.6 
cm;  transverse  width,  0.8  cm  (estimated).  Depth  of  jaw  below 
P4:   2.0  cm. 

Adelphailurus  kansensis  Hibbard,  1934 

Material. — Right  ramus  KUVP-43095  with  alveolus  for  inferior 
canine,  complete  P3,  P4,  and  Mi. 

Locality. — Found  Quarry. 
Figure. — IB. 
Discussion. — The  type  of  Adelphailurus  kansensis,  from  Edson 

Quarry,  consists  of  an  upper  dentition  and  partial  palate  and  face 
of  a  medium-sized  conical-toothed  feline.  No  lower  dentition  has 
previously  been  referred  to  this  genus.  The  specimen  from  Found 

Quarry  consists  of  the  right  ramus  of  a  medium-sized  conical- 
toothed  feline.  Its  overall  size,  the  fragile  teeth  relative  to  the 
massive  jaw,  and  the  length  of  the  diastema  compare  closely  to 

Hibbnrd's  (IQM)  upper  dentition  from  Edson  Quarry.  The  canine 
alveolus  for  the  lower  dentition  indicates  a  relatively  reduced  tooth, 

which  agrees  with  the  very  small  upper  pre-canine  diastema  of  the 
type.  The  symphyseal  region  preserved  on  the  Found  Quarry 
specimen  indicates  a  mandible  with  a  narrow  symphysis,  which 
Hibbard  ( 1934 )  predicted  from  the  morphology  of  the  type 
palate  and  dental  arcade.  The  lateral  surface  of  this  jaw  bears  a 
slight  concavity  for  reception  of  the  superior  canine  but  lacks  the 

flange  usually  found  in  scimitar  and  dirk-toothed  cats.  The  cheek 
teeth  are  relatively  much  smaller  and  especially  transversely  nar- 

Tahle  1. — Dental  Measurements 
Osteoborus  cyonoides 

Measurements  in  centimeters,  asterisk  indicates  estimated  measurement. 

/C        P/2   P/3     P/4    M/l     M/2     M/3 

KUVP-3863 
transverse  width  1.1  .6°        .6       1.1        1.2         .5° 
depth  of  jaw  below  M/l  2.9 
anteroposterior  length  1.2  2.7 

KUVP-5532 
transverse  width  .9  1.0 

anteroposterior  length  1.2        .7°     1.0       1.6      2.5       1.1        .7° 
hi  \  P-3155 

transverse  width  1.0        .5°       .0        .9       1.1         .8        .4° 
depth  ol  jaw  below  M/l  2.9 
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rower  than  those  of  Pratifelis.  On  the  Mi,  the  carnassial  notch  is 

open,  as  it  is  on  P4  of  the  type  Adelphailurus  kansensis.  The  Mi 
bears  a  small  posterior  cusp  on  a  short  posterior  extension  of  the 
cingulum.  The  P3  and  P4  both  bear  large  anterior  and  posterior 
accessory  cusps  and  have  relatively  heavy  cingula.  The  widest 
dimension  of  each  tooth  is  through  the  posterior  cusp,  a  condition 
common  in  primitive  felines. 

Measurements. — P3:  anteroposterior  length,  1.1  cm;  transverse 
width,  0.5  cm.  P4:  anteroposterior  length,  1.4  cm;  transverse  width, 
0.6  cm.  Mi:  anteroposterior  length,  1.6  cm;  transverse  width,  0.7 
cm.  Depth  of  jaw  below  P4:   1.8  cm. 

Mustelidae  Swainson,  1835 

Plesiogulo  Zdansky,  1924 

Plesiogulo  marshalli  (Martin,  1928) 

Material— Complete  P4,  KUVP-12433. 
Locality. — Lost  Quarry. 
Figure. — ID. 
Discussion. — The  type  of  Plesiogulo  marshalli  comes  from  Ed- 

son  Quarry.  The  Lost  Quarry  material  is  closely  comparable  in 

morphology  although  slightly  smaller  in  size  than  referred  speci- 
men KUVP-3465  from  Edson  Quarry. 

Measurements. — KUVP-12433,  P4:  anteroposterior  length,  1.8 
cm;  transverse  width,  1.3  cm.  KUVP-3465,  Edson  Quariy,  P4: 
anteroposterior  length,  1.9  cm;  transverse  width,  1.4  cm. 

Canidae  Gray,  1821 

Borophaginae  Simpson,  1945 

Osteoborus  cijonoides  (Martin,  1928) 

Material. — Left  inferior  ramus  KUVP-3863,  with  I2-3,  C,  alveo- 
lus for  P2,  P3-M1,  alveoli  for  M2-M3;  left  inferior  ramus  KUVP-3155, 

with  C-M2  and  alveolus  for  M3;  right  inferior  ramus  KUVP-5532, 
broken  through  alveolus  for  P4,  with  Mi  and  alveoli  for  M2-M3. 

Locality. — Lost  Quarry. 

Material. — Partial  right  premaxilla  and  maxilla  bearing  P2,  al- 
veolus for  P3,  roots  and  scraps  of  P4,  and  associated  but  unattached 

partial  M1  and  M2,  KUVP-12421. 
Locality. — Found  Quarry. 
Figure. — la. 
Discussion. — The  systematic  position  of  O.  cyonoides  is  equivo- 
cal at  the  present  time.  The  type  of  the  species,  from  Edson 

Quarry,  is  of  a  young  but  mature  individual  which  is  more  gracile 
than  are  most  specimens  which  have  been  referred  to  this  species 
(see  Martin,  1928,  and  Matthew  and  Stirton,  1933).  O.  secundus 

(Matthew  and  Cook,  1909),  from  the  "Snake  Creek  Beds"  (Snake 
Creek  Formation;  Skinner  et  al.,  1977)  is  veiy  similar  in  morphology 
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Fig.  1. — A.  Osteoborus  cyonoides,  left  dentary,  labial  view,  KUVP-3155. 
B.  Adelphailurus    kansensis,     ri^ht    dentary,     labial     view,     KUVP-43095. 
C.  I'ratifclis   martini,   right   dentary,   labial   and   occlusal   views,    KUVP-3864. 
D.  Plesiogulo  marshalli,  1",  labial  and  occlusal  views,  KUVP-12433. 

and  in  age  and  robustness  to  the  Lost  Quarry  material,  as  are 
several  other  taxa  in  Osteoborus  (Bennett,  1977;  K.  A.  Richey,  in 

prep.). 
The  variability  in  Osteoborus  cyonoides  rami  seen  at  other 

quarries  (Bennett,  1977)  is  also  evidenced  in  the  Lost  Quarry 

material.  One  specimen  (  kLVP-3155)  possesses  a  double  Po  al- 
veolus indicating  a  double-rooted  tooth;  another  specimen  (KUVP- 

;)  shows  a  single  rooted  P2  alveolus.  In  KUVP-3863,  the  alveo- 
lus lor  \I.  is  open;  in  KUVP-3155,  it  appears  lo  have  been  partially 

resorbed  and  closed  during  the  animal's  life. 
Specimen    KU\T-3S63   contains   the   seeond   and   third   inferior 
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incisors,  which  are  short,  conical,  blunt  teeth.  P3  bears  small  an- 
terior and  posterior  accessory  cusps;  the  main  cusp  is  worn  down 

nearly  to  their  level  in  both  KUVP-3155  and  KUVP-3863.  The 
canine  in  both  of  these  specimens  is  robust.  P4  is  of  much  the  same 
morphology,  but  larger,  than  P3.  Mx  is  a  very  wide,  heavy  tooth, 
worn  in  both  specimens  to  below  the  deepest  level  of  the  carnassial. 

From  Found  Quarry  comes  a  partial  right  maxilla  and  pre- 
maxilla  and  partial  dentition  which  also  resembles  referred  O. 
cyonoides  from  Edson  Quarry  and  from  Rhinoceros  Hill  Quarry. 
Measurements  (Table  1)  of  these  specimens  agree  well  with  data 
from  O.  cyonoides  from  Coffee  Ranch  (Matthew  and  Stirton, 
1930a;  Dalquest,  1969)  and  from  Rhinoceros  Hill  (Bennett,  1977), 

and  along  with  morphology,  this  forms  the  basis  for  specific  as- 
signment of  this  material. 

Aelurodon  haydeni  ( Leidy ) 

Material— Partial  right  ramus,  KUVP-3733. 
Locality. — Lost  Quarry. 
Discussion. — The  specimen  consists  of  a  partial  right  lower  jaw 

containing  the  inferior  portion  of  the  alveolus  for  the  canine  root; 
the  posteriormost  root  of  P2;  broken  P3;  P4;  roots  and  fragment  of 
crown  of  Mi;  alveolus  and  posterior  root  of  M2;  and  small  alveolus 
for  M3.  It  shows  the  anterior  and  ventral  portions  of  the  masseteric 
fossa  and  displays  two  large  mental  foramina,  one  beneath  P3  and 
one  beneath  P2. 

The  jaw  is  larger  and  more  massive  than  any  of  the  O.  cyo- 
noides jaws  from  Lost,  Found,  or  Rhinoceros  Hill  Quarries.  It  is 

unlike  Aelurodon  saevus  (Leidy)  in  possessing  very  large  pre- 
molars and  Mi  and  comparatively  reduced  posterior  molars.  In 

this  respect  it  resembles  O.  cyonoides,  but  the  enlargement  of  Mi 
is  proportionately  greater  than  in  A.  haydeni,  and  the  reduction  of 
Po  and  P3  proportionately  less.  Borophagus  pachyodon  possesses 

a  jaw  more  foreshortened,  with  both  anterior  premolars  and  pos- 
terior molars  more  reduced  than  in  KUVP-3733. 

The  type  of  A.  haydeni  comes  from  the  "Niobrara  River  Beds" 
(Leidy,  1869).  Skinner  (1977)  discusses  the  stratigraphic  occur- 

rence of  Aelurodon  validus  (Matthew  and  Cook,  1909)  from  the 
Aphelops  Draw  Local  Fauna.  This  taxon  was  originally  described 

as  "A.  haydeni  validus,  rtiut.  nov."  but  was  later  recognized  as  a 
separate  species  by  Richey  (1948),  and  placed  in  the  genus  Osteo- 
borus.  The  types  of  A.  haydeni  and  A.  haydeni  validus,  and  KUVP- 
3733  arc  difficult  to  distinguish  on  any  criteria,  and  probably  rep- 

resent members  of  one  species.  Skinner  (1977)  tentatively  assigned 

A.  validus  from  the  "Snake  Creek  Beds"  a  stratigraphic  position 
within  the  Johnson  Member  of  the  Snake  Creek  Formation.  This 
stratigraphic  assignment  implies  an  early  Hemphillian  age  for  the 
taxon. 
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This  biostratigraphic  assignment  is  anomalously  early  for  a 

fossil  from  the  Lost  Quarry  assemblage.  I  explain  this  specimen's 
occurrence  within  this  local  fauna  as  an  example  of  reworking. 
Whereas  all  specimens  from  Lost  and  Found  Quarries  are  lightly 

to  heavily  etched  by  soil  roots,  KUVP-3733  is  also  stream-worn.  It 
displays  a  series  of  deep,  parallel,  longitudinally-oriented  grooves 
on  its  surface;  the  peculiar  loss  of  part,  but  not  all  of  the  crown 
of  Mi,  with  the  remainder  of  the  crown  worn  smooth  in  a  way 
that  could  not  have  been  produced  in  life;  and  a  generally  greater 
degree  of  rounding  than  other  fossils  from  this  assemblage.  The 
occurrence  of  this  reworked  specimen  is  interesting,  because  it  is 
the  only  early  Hemphillian  fossil  known  from  Wallace  County,  and 
implies  that  fossiliferous  deposits  of  this  age  may  exist  nearby. 

Caninae  Gray,  1872 

Vulpes  Frisch,  1775 

Vulpes  cf.  V.  shermanensis  (Hibbard,  1937) 

Material— Complete  M1,  KUVP-12422. 
Locality. — Found  Quarry. 
Figure. — 2  A. 

Discussion. — The  M1  from  Found  Quarry  is  nearly  unworn  and 
resembles  referred  material  from  Edson  Quarry  (Hibbard,  1937). 

Measurements. — KUVP-12422:  anteroposterior  diameter  from 
paracone  to  metacone:  0.87  cm.  Transverse  diameter  from  para- 
cone  to  outermost  point:    1.27  cm. 

Ursidae  Gray,  1825 

Agriotlierium  Wagner,  1837,  sp.  indct. 

Material.— Complete  M,,  KUVP-5534. 
Locality. — Lost  Quarry. 

Figure. — 2B. 
Discussion. — The  single  tooth  from  Lost  Quarry  is  nearly  un- 

worn. In  its  huge  size  (sec  below)  and  morphology,  it  compares 
well  with  IndarctOS  oregonensis  from  the  Codec  Hanch  fauna 
(Dalquest,  1969).  Both  specimens  display  a  trigonid  which  is 
larger  than  the  talonid.  The  Lost  Quarry  NL  also  compares  closely 
with  Agriotherium  from  Universitj  of  Nebraska  locality  Sm-101 
Schultz   and    Martin,    1975).    In   the   latter   paper,   Schultz  and 

Martin  suggesi  lliat  Matthew  and  Stirton  (1930a)  correctly  identi- 
fied the  Coffee  Ranch  specimens  as  Hyaenarctos.  This  suggestion 
orroborated  by  the  Lost  Quarry  material.  Hyaenarctos  is  a 

junior  synonym  oi  Agriotherium  (see  Frick,  1920);  all  these  bears 
are  typified  by  a  trigonid  larger  than  talonid  on  \1_..   This  feature 
and  their  similar  size  is  the  basis  for  assignment  ol   the  Lost  Quarry 
molar  to  AgHoi lirriuin. 
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Fig.  2. — A.  Bassariscus  cf.  ogallalae,  P\  occlusal  view,  KUVP-12428.  B.  Agrio- 
iherium  sp.,  M2,  occlusal  view,  KUVP-5534.  C.  Vulpes  cf.  shermanensis,  P4, 
occlusal  view,  KUVP- 12422.  D.  Vulpes  cf.  shermanensis,  P4,  labial  view, 
KUVP- 12422.    Scale  for  A,  B,  C  =  6  mm;  Scale  for  D  =  4  mm. 

Measurements. — KUVP-5534 : 
transverse  width,  3.23  cm. 

anteroposterior   length,   2.6   cm; 

Procyonidae  Bonaparte,  1850 
Bassariscus  Coues,  1887 

Bassariscus  cf .  ogallalae  Hibbard,  1933 

Material— Complete  P4,  KUVP-12423. 
Locality. — Found  Quarry. 
Figure.— 2C,  2D. 
Discussion. — Bassariscus  remains  are  relatively  rare  in  the  Ter- 

tiary continental  fossil  record.  The  Found  Quarry  specimen  is 
compared  to  B.  ogallalae  Hibbard  (1933)  although  it  is  larger  than 
the  corresponding  hypothetical  upper  carnassial.  B.  antiquus  Hall 
has  a  slightly  larger  M]  than  B.  ogallalae,  but  it  does  not  compare 
so  well  with  the  Found  Quarry  material  in  morphology  (Hall, 
1927).  The  Found  Quarry  specimen  differs  from  the  living  B. 
astutus  in  having  both  protocone  and  hypocone  lying  relatively 
further  forward. 
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Measurements. — KLTVP-12433:  anteroposterior  length,  maxi- 
mum, measured  parallel  to  carnassial  blade:  0.77  cm.  Transverse 

width,  measured  from  paracone  to  protocone:  0.29  cm.  Transverse 
width,  measured  from  paracone  to  hypocone:    0.32  cm. 

Proboscidea 

Gomphotheriidae  Cabrera  1929 

Gomphotheriidae  gen.  et  sp.  indet. 

Material— Fragment  of  cheek  tooth,  KUVP- 12440. 
Locality. — Found  Quarry. 
Discussion. — A  few  scraps  and  one  intact  cusp  demonstrate  the 

presence  of  a  "serridentine"  gomphothere  at  Found  Quarry. 
Artiodactyla 

Tayassuidae  Palmer,  1897 

Prosthennops  Gidley,  1904 

?Prosthennops,  sp.  indet. 

Material— astragalus  KUVP-5533. 
Locality. — Lost  Quarry. 
Figure.— 3],  3K. 
Discussion. — A  peccaiy  is  reported  in  this  fauna  on  the  basis 

of  a  single  astragalus  which  is  characteristically  twisted.  Its  size 
tentatively  allies  it  with  the  genus  Prosthennops. 

,*D,
 

j"'**!'"": 

Fie.  :;.— A.  Hemiauchenia  vera,  dentary,  labial  view,  KUVP-3964.  B.  Hemi- 
auchenia  vera,  dentary,  occlusal  view,  KUVP-3964.   C.  Dromomerycid,  inferior 
molar,    labial    view,    k  I    VP-5541.     1).    1  )ioinomer\  rid,    inferior    molar,    occlusal 

\irw,  KUVP-5541.  E.  Camelid,  gen.  el  sp.  indet.,  Ms,  labial  view,  KUVP- 
1,121.  F.  Camelid,  gen.  et  sp.  indet.,  M,,  occlusal  view,  KUVP-43124.  G. 
ram. lid,  gen.  «t  sp.  indet.,  Mi,  labial  view,  KUVP-12432.  II.  Camelid,  gen. 

■<  p.  indet.,  Mi,  occlusal  view,  KUVP-12432.  J.  ?Prosthennops,  astragalus, 
anterior  view,  KUVP-5533.  k.  ?Prosthennops,  astragalus,  posterior  view, 
Kl  VP-5533. 
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Camelidae  Gray,  1821 

Lamini  Webb,  1969 

Hemiauchenia  Gervais  and  Ameghino,  1880 

Hemiauchenia  vera  ( Matthew,  1909 ) 

Material. — Left  ramus  with  P3-M3,  right  ramus  with  P4-M3, 
KUVP-3694;  partial  ramus  with  dP3,  KUVP-12431;  maxilla  frag- 

ment with  P2,  KUVP-5541;  hind  proximal  phalanx,  KUVP-43118. 
Locality. — Lost  Quarry. 
Material. — Fore  proximal  phalanx,  KUVP-49444;  associated 

magnum,  distal  one-third  of  radio-ulna,  distal  condyle  of  humerus, 
partial  7th  cervical  vertebra,  KUVP-12430;  astragalus,  KUVP- 
43119;  lunars  KUVP-43120,  43121,  43122. 

Locality. — Found  Quarry. 
Figures.— 3 A,  3B,  4A,  4B. 
Discussion. — The  inferior  dentition  of  this  camel  is  more  com- 

plete and  quite  similar  to  material  from  Rhinoceros  Hill  and  Edson 
Quarries  which  is  identified  as  H.  vera  (Bennett,  1977;  Harrison, 

in  press);  "llama  buttresses"  (of  Webb,  1969)  are  strongly  devel- 
oped and  the  teeth  are  closely  set.  The  single  upper  tooth  from 

Found  Quarry  is  fragmentary. 
The  cervical  vertebra  from  Found  Quarry  lacks  lateral  canals 

as  is  typical  of  this  element  in  the  Camelidae.  The  centrum  is 
short  and  is  strongly  opisthocoelous. 

The  distal  third  of  a  radio-ulna  from  Found  Quarry  is  similar  to 
that  of  Lama  but  is  both  shorter  and  slimmer  than  those  of  either 

Camelus  or  Camelops  (Webb,  1969).  The  distal  articular  surface 
consists  of  three  parts:  the  broad  medial  scaphoid  condyle,  the 
narrow  lunar  surface,  and  the  narrow  cuneiform  condyle.  The 
cuneiform  condyle  reaches  slightly  farther  distally  than  either  of 
the  other  articulating  surfaces  of  the  radio-ulna,  a  character  which 
is  in  strong  contrast  to  either  Camelus  or  Camelops.  The  grooves 
on  the  anterior  of  the  distal  radio-ulna,  on  the  medial  side  for  the 
common  extensor  and  especially  on  the  lateral  side  for  the  com- 

mon digital  extensor,  are  much  deeper  than  in  Camelus  or  Cam- 
elops. 

The  proximal  surface  of  the  lunar  of  H.  vera  has  a  longer  pos- 
teromedial extension  than  its  homologues  in  Camelus  and  Cam- 

elops.   The   posteromedial   branch   of   the   bifid   process    (Webb, 

Table  2. — Measurements    (in  centimeters)   of  Hemiauchenia  vera  phalanges. 
Measurements  in  centimeters. 

Hemiauchenia  vera  KUVP-43118  hind         KUVP-12429  fore 

length        10.9  7.8 
width  at  proximal  end         2.95  2.30 

width  at  distal  end        2.5*  1.95 
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1969)  is  shorter  than  in  Camelus  and  resembles  that  of  Lama.  The 

long  magnum  facet  reaches  onto  the  posteromedial  branch  of  the 
bifid  process;  it  fails  to  become  markedly  more  concave  at  this 
point  and  there  is  no  sharply  demarceted  cuplike  articulation  as  is 
seen  in  Camelus.  The  unciform  facet  bears  a  deep  notch  in  its 
lateral  margin.  The  superior  cuneiform  facet  on  the  lateral  surface 
of  the  lunar  is  oval  and  not  elongate  as  in  Camelus.  The  inferior 
cuneiform  facet  is  elongate;  its  anterior  part  is  flat.  The  posterior 

part  is  developed  on  the  anterior  and  lateral  surfaces  of  the  pos- 
terolateral branch  of  the  bifid  process.  Here  the  separate  inferior 

subfacets  are  well  differentiated  and  the  posterolateral  branch  of 
the  bifid  process  appears  square  in  dorsal  view.  In  Camelus,  these 
subfacets  merge  smoothly  together. 

The  astragalus  from  Lost  Quarry  shows  a  narrow  valley  be- 
tween the  proximal  trochleae.  This  feature  is  in  contrast  to  both 

Camelus  and  Camelops.  Both  lateral  and  medial  condyles  are  nar- 
rower than  in  Camelus,  but  the  lateral  one  especially  so,  particu- 

larly at  the  posterior  end.  There  are  three  distinct  articular  facets 

on  the  lateral  surface  of  the  astragalus:  the  dumbbell-shaped 
fibular  facet,  the  nearly  isolated  parasustentacular  facet,  and  the 

L-shaped  distal  paracuboid  facet.  In  this  camel,  as  in  extant 
camelids,  the  proximal  border  of  the  sustentacular  facet  is  bordered 
by  bony  stops  which  prevent  overextension  of  the  astragalus  on 
the  calcaneum  (Webb,  1969).  Here  the  lips  of  both  lateral  and 
medial  trochleae  rise  very  steeply. 

Hind  and  fore  proximal  phalanges  of  H.  vera  display  similar 
morphology  but  different  length.  Both  fore  and  hind  phalanges 

are  straight-shafted  and  slender.  The  proximal  articulating  surface 
is  transversely  narrow  but  anteroposteriorly  deep,  slightly  concave, 
and  with  a  narrow,  shallow  groove  for  the  metapodial  keel.  The 
depressions  for  collateral  ligaments  are  small  and  shallow.  The 
rugosities  which  indicate  the  position  of  insertion  of  the  suspensory 
ligaments  reach  less  than  a  quarter  the  length  of  the  phalanx,  with 
the  lateral  rugosity  reaching  further  distally.  This  corresponds  to 

the  condition  in  Lama  and  supports  Breyer's  (1969)  conclusions  for 
toe  morphology  in  Blancan  Homines.  The  distal  articular  surface  is 
remarkably  Lama-like,  with  a  delicate,  narrow  structure.  The 
dorsal  reach  of  the  articulating  surface  on  either  the  anterior  or 
posterior  side  is  short,  the  trochleae  are  themselves  narrow,  and 
From  either  side  appear  round.  These  characters  are  quite  different 

from  those  Found  in  Camelus,  Camelops,  Megatylopus,  Aepycame- 
lus,  or  Titanotylopus. 

Camelopini  Webb,  1969 

Megatylopus  Matthew  and  Cook,  1909,  sp.  indet. 

Material.— Scaphoid,  KUVP-12428. 
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Locality. — Found  Quarry. 
Discussion. — The  scaphoid  of  Megatylopus  is  longer  and  slen- 

derer than  that  of  Camelops  or  of  Camelus.  The  anterodorsal  facet 
in  this  genus  is  subovoid  and  in  the  specimen  from  Found  Quany 
the  posterior  extension  of  this  facet  is  quite  attenuated.  The  antero- 
ventral  facet  is  elongate,  while  the  posterior  facet  is  subround  and 
the  largest  of  the  three.  As  in  Camelops,  this  facet  is  more  ventrally 
located  than  in  Camelus  and  further  resembles  the  former  in  its 

subcircular  as  opposed  to  vertically  elongate  outline.  On  the  ven- 
tral surface  of  the  scaphoid,  the  magnum  and  trapezoid  facets  are 

subequal  in  size  and  in  relative  elevation. 

Camelidae  gen.  et  sp.  indet. 

Material— Calcaneum,  KUVP-43123. 
Locality. — Found  Quarry. 
Material— Mu  KUVP-12432;  M3,  KUVP-43124. 
Locality. — Lost  Quarry. 
Discussion. — This  camel  is  larger  than  Hemiauchenia  and  has 

a  dentition  similar  to,  but  smaller  than,  Megatylopus  or  Camelops. 
It  is  known  from  the  Rhinoceros  Hill  fauna  (Bennett,  1977)  from 

a  single  fore  phalanx  differing  greatly  in  morphology  from  pha- 
langes of  Hemiauchenia,  although  of  about  the  same  length.  This 

camelid  is  also  abundant  at  the  Edson  Quarry  (J.  A.  Harrison,  in 

prep.). 
The  M3  and  Mi  from  Lost  Quarry  are  about  as  hypsodont  as 

teeth  of  Camelus  and  strongly  resemble  corresponding  teeth  of 
Camelops  in  morphology.  Neither  this  camelid,  Camelops,  nor 

Megatylopus  have  strongly  developed  "llama  buttresses." 
The  calcaneum  of  this  species  is  distinct  from  that  of  H.  vera 

on  the  basis  of  its  larger  size,  more  robust  structure,  and  morphol- 
ogy; a  series  of  specimens  is  needed  to  make  the  morphological 

differences  clear  (comparative  material  from  the  Edson  Quarry 
collection  was  used  to  help  differentiate  the  two  kinds  of  calcanea). 
The  calcaneum  of  this  camelid  resembles  that  of  Camelus  in  size 

and  robustness.  The  corpus  calcanei  is  relatively  short  as  in  Came- 
lops and  Megatylopus.  The  sustentaculum  is  the  largest  of  the 

three  astragalar  articulations  on  the  calcaneum  and  bears  a  sub- 
triangular  anteromedial  facet  off  the  main  sustentacular  surface, 
as  in  Camelops.  The  parasustentacular  facet  is  flat.  The  fibular 
surface  is  doubly  curved  as  in  Camelops  and  Megatylopus,  with 
convex  proximal  part  and  concave  distal  part.  The  cuboid  facet  is 
broad,  with  hemispherical  shape  but  with  bilobed  dorsal  outline. 

Cervidae 

Yumaceras  Frick,  1937 

Material.-^Mz  in  jaw  fragment,  KUVP-43126. 



14 OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

Locality. — Lost  Quarry. 

Figure.— 3C,  3D. 

Discussion. — This  Large  dromomerycid  may  belong  to  the  same 
species  as  the  individual  from  Rhinoceros  Hill  (Bennett,  1977). 
Typical  features  of  dromomerycids  displayed  on  this  tooth  are 
vertical  striations  and  a  bulbous  tooth  shape,  but  without  styles. 

Antilocapridae  Gray,  1866,  gen.  and  sp.  indet. 

Material— Hoof,  KUVP-43127. 

Locality. — Found  Quarry. 

Discussion. — The  size  and  morphology  of  this  hoof  suggest  the 
presence  of  an  antilocaprid  at  Found  Quarry. 

I *. 

% 

B 

1     * 

■ 

3  CM 

Fie.    I.      \.  Hemiauchenia  vera,  proximal  plialan\  of  forefoot,  KUVP-19444. 
B,  Hemiauchenia  vera,  proximal  phalanx  oi  hind  foot,  KUVP-43118. 
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Perissodactyla 

Equidae  Gray,  1821 
Dinohippus  Quinn,  1955 

Dinohippus  interpolatus  ( Cope,  1886 ) 

Material. — Metacarpal,  KUVP-12435;  proximal  phalanges, 
KUVP-5543,  5540;  astragalus,  KUVP-5537;  associated  P4  and  M1, 
KUVP-5536;  P2,  KUVP-43096;  associated  M1  and  M2,  KUVP-43097; 

F\  KUVP-43098;  P2's,  KUVP-43099  and  43103;  M2,  KUVP-43100; 
Mo,  KUVP-43107;  ramus  with  symphysis  but  no  teeth,  KUVP-5539. 

Locality. — Lost  Quarry. 
Material— Pisiform  KUVP-43104;  astragalus  KUVP-43105;  ecto- 

cuneiform  KUVP-43106. 

Locality. — Found  Quarry. 
Discussion. — The  teeth  of  this  horse  are  very  large  and  display 

heavy  enamel.  In  the  superior  dentition,  the  fossette  borders  are 

simple.  The  protocone  is  "wooden  shoe"  shaped  (Matthew  and 
Stirton,  1930b)  to  bilobate  (see  type  of  "Pliohippus"  leidyanus  in 
Osborn,  1918).  Diagnostic  of  the  genus  is  the  persistence  of  the 
hypoconal  groove  nearly  to  the  base  of  the  tooth  and  the  failure 
of  the  protocone  to  form  a  connection  with  the  hypocone;  this  can 

be  seen  in  KUVP-5536.  Lower  teeth  display  heavy  enamel, 
thick  lingual  cement  and  large  size  combined  with  moderate  hypso- 
donty  which  is  characteristic  of  the  genus  (M.  F.  Skinner,  pers. 
coram,  1977). 

Metacarpal  KUVP-3836  displays  greater  length  than  does  meta- 
carpal KUVP-3033  which  was  assigned  to  Dinohippus  interpolatus 

from  Rhinoceros  Hill  Quarry  ( Bennett,  1977 ) ,  but  compares  closely 
to  material  from  Coffee  Ranch  (Matthew  and  Stirton,  1930b). 
Metacarpals  of  Dinohippus  interpolatus  are  heavy  for  their  length 
with  the  proximal  end  widened  and  anteroposteriorly  flattened 
(the  Lost  Quarry  specimen  illustrated  is  broken  here  and  appears 

narrow).  The  posterior  surface  has  a  relatively  low,  proximo- 
distally  short  interdigital  bridge.  The  posterior  side  of  the  meta- 

carpal becomes  concave  within  a  very  short  distance  from  the 

proximal  end  of  the  bone.  A  large  prominence  for  ligamental  at- 
tachment is  developed  on  each  lateral  side  of  the  distal  end  of 

the  metacarpal  just  above  the  lateral  and  medial  trochleae.  The 
grooves  for  reception  of  the  lateral  metapodials  are  quite  deep  and 

well-marked.  The  metacarpal  is  relatively  short  compared  to  the 
metatarsal: metacarpal  ratio  in  other  Tertiary  horses,  based  on 
comparisons  at  Rhinoceros  Hill  and  elsewhere. 

Astrohippus  Stirton,  1940 
Astrohippus  ansae  (Matthew  and  Stirton,  1930) 

Material— Metacarpal  KUVP-3836;  metatarsal  KUVP-3837;  M2j 
KUVP-12437. 
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Table   3. — Equid   dentitions,   occlusal    measurements   in    centimeters.     Letters 
following  tooth  designations  indicate  wear  stage. 

Dinohippus  intcrpolatus  anteroposterior  length     transverse  width 

KUVP-43096     P2/.M         3.45  2.44 
KUVP-43099     P2/.L    __   -    3.27  2.58 
KUVP-5536       P4/.M      _.   _    2.41  2.7a 
KUVP-43098     P4/,  E         2.60  2.65 
KUVP-5536       Ml/,  E      __    2.20  2.44 
KUVP-43097     Ml/,  M           2.00  1.68 
KUVP-43097     M2/,  L            2.15  1.45 
KUVP-43100     M2/,  M           2.35  2.65 
KUVP-43103     P/2.E    _      3.00  1.53 
KUVP-43102     P/3,  M             2.46  1.53 
KUVP-43101     M/2,  M       2.45  1.64 
Astrohippus  ansae 
KUVP-12437     P/3,M       2.51  1.16 
KUVP-43107     M/2,  M         2.53  1.38 
Nannippus  lenticulare 

KUVP-43113     dml/,  M     .'.    2.27  1.80  . 
KUVP-43113     dm2/,  M      2.36  1.69 
KUVP-43110     M2/ sectioned,  M    _        2.11  1.91 

natural,  E      2.28  1.78 

KUVP-43108     P/2,  M      ..    2.87  .97 
KUVP-43109     P/2,  L        .      2.64  1.27 
KUVP-43111           1.9a  1.08 

KUVP-12438     M/2,  M        2.12  1.23 

I  i'.  5. — A.  "Nantlipptu"  lenticulare,  sectioned  I",  labial  and  occlusal  view  at 
half-wear,  KUVP-43110.  B.  Dinohippus  interpolatus,  associated  P1  and  M1, 
labial  and  occlusal  views,  KUVP-5536;  r,  KUVP-43096.  C.  "Nannippus" 
lenticulare,  Ms,  labial  and  occlusal  views,  KUVP-43111.  I).  Astrohippus  ansae, 
lectioned  M  ,  labial  and  crown  occlusal  views,  KUVP-12437.  E.  Astrohippus 
ansae,  sectioned  Occlusal  view  at  half-wear,  KUVP-12437.  F.  Dinohippus 
Interpolatus,  M*,  occlusal  view  at  half-wear,  KUVP-43107. 
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Locality. — Lost  Quarry. 
Figure.— 5D,  5E,  6B,  6C. 

Discussion. — A  smaller  horse  with  vastly  different  metapodials 
is  also  represented  at  Lost  Quarry.  Metacarpal  KUVP-12435,  of 
Dinohippus  interpolatus,  differs  greatly  from  metacarpal  KUVP- 
3836.  Although  the  two  are  of  similar  length,  that  of  Astrohippus 
is  slightly  more  slender,  with  unexpanded  and  unflattened  proximal 
end.  It  lacks  the  large  distal  prominences  on  the  sides  of  the  bone 
above  the  trochleae.  Most  striking,  the  interdigital  bridge  (Fig. 
6B)  is  very  prominent  and  the  posterior  side  of  the  metacarpal 

does  not  become  concave  for  nearly  one-half  its  length  from  the 
proximal  end.  The  grooves  for  lateral  digits  are  also  shallower 
and  do  not  extend  so  far  distally  as  in  D.  interpolatus.  Meta- 

tarsal KUVP-3837  displays  the  same  characteristics.  The  two  are 
of  more  nearly  equal  length  than  the  metacarpal  and  metatarsal 
of  D.  interpolatus  seem  to  be.  This  horse  was  smaller  than  D. 
interpolatus  and  may  not  have  had  visible  side  toes. 

Sectioned  inferior  M2  KUVP- 12437  shows  the  characteristically 
unequal  metaconid-metastylid  columns,  deep  ectoflexid,  lack  of 
isthmus,  lack  of  parastylid,  and  rounded  ectoflexid  margins  typical 
of  Astrohippus  and  other  protohippines  (M.  F.  Skinner,  pers. 
comm.,  1977).  It  is  also  quite  hypsodont,  and  this  and  its  small 
size  differentiate  it  from  Dinohippus. 

Nannippus  Matthew,  1926 

"Nannippus"  lenticulare  ( Cope,  1893 ) 
Material— Associated  dM1  and  dM2,  KUVP-43113;  sectioned 

M2,  KUVP-43110;  P2's  KUVP-43108  and  43109;  Mi,  KUVP-43111; 
M2,  KUVP-12438;  calcaneum  KUVP-5544;  astragali  KUVP-5538 
and  43112;  proximal  phalanx,  KUVP-5543;  metatarsals  KUVP- 
43114,  43115,  43116,  43117,  3838,  3839,  and  3840. 

Locality. — Lost  Quarry. 

Discussion. — In  contrast  to  the  apparent  rarity  of  this  taxon  at 
Rhinoceros  Hill  (Bennett,  1977),  at  Lost  Quarry  these  small,  gracile 
horses  seem  to  have  been  abundant.  Only  one  adult  upper  cheek 
tooth  was  discovered;  since  it  was  nearly  unworn,  it  was  sectioned 
to  reveal  the  nature  of  the  protocone  at  half  wear.  The  moderately 
small  size,  combined  with  high  degree  of  hypsodonty,  lenticular 
protocone,  complex  fossette  borders  and  fairly  persistent  hypoconal 

groove  are  diagnostic.  The  inferior  adult  check  teeth  display  para- 
stylids  and  small,  round,  loop-shaped  metaconid-metastylid.  The 
size  of  all  teeth  compares  closely  to  type  material  (Osborn,  1918), 
material  from  Coffee  Ranch  (Matthew  and  Stirton,  1930b),  and 
from  Rhinoceros  Hill  (Bennett,  1977). 

The  seven  metatarsals  have  been  assigned  to  this  taxon  because 
they  are  narrower  across  the  shaft  than  are  the  corresponding  bones 
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Table  4. — Measurements  in  centimeters  (em)  of  various  equid 
skeletal  elements. 

KUVP- 12435  KUVP-5543  KUVP-5540 

Dinohippus  interpolatus      metacarpal  proximal  phalanx     proximal  phalanx 

length       19.8  6.62                           6.73 

width  at  proximal  end  ....       3.7*  4.0*                           3.93 
width  at  distal  end          3.49  3.17                           3.15 

KUVP-3836  KUVP-3837 
Astrohippits                           metacarpal  metatarsal 
length        1         21.24  22.81 
width   at  proximal  end  ....       3.61  3.56 

width  at  distal  end          3.63  3.8* 

Nannippus  Icnticulare         KUVP-5543,  proximal  phalanx 
length             4.71 
width  at  proximal  end  ....       2.50 
width  at  distal  end          2.11 

Nannippus  lenticulare  metatarsals 
length  width  at 

proximal  end 
KUVP-34114       20.2  2.6 
KUVP-34115          21.2  2.7 
KUVP-34116            20.9  2.7 
KUVP-34117      -       20.5  2.7 
KUVP-3840            18.9  2.6 
KUVP-3838            21.0  2.6 

KUVP-3839              20*  2.5 

of  Neohipparion  eury  style  (see  Matthew  and  Stirton,  1930b).  A 
similar  metatarsal  from  Rhinoceros  Hill  Quarry  is  somewhat  longer 
but  is  otherwise  similar. 

Rhinocerotidae  Owen,  1845 

Aphelops  Owen,  1845 

Aphelops,  sp.  indet. 

Material — Partial  molar,  KUVP-12436;  partial  ramus  with  roots 
of  M,,  KUVP-12434;  P,,  KUVP-5541. 

Locality. — Lost  Quarry. 

Material— Second  phalanx  of  hind  digit  3,  KUVP-43125. 
Locality. — Found  Quarry. 
Discussion. — Little  material  has  been  recovered  of  this  rhinoc- 

eros from  either  Lost  or  Found  Quarries.  The  size  and  morphology 

oi  the  cheek  teeth  compare  favorably  to  Aphelops  el.  mutilus  ma- 
terial from  Rhinoceros  Hill  (  Bennett,  1977). 

Conclusions 

Comparison  ol  the  fauna]  lists  shown  in  Table  5  reveals  several 
interesting  facts:  I  I  )  overall  diversity  is  lower  at  Lost  and  Found 
Quarries  (considered  together)  than  at  Rhinoceros  Hill  or  Edson 
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Quarries.  This  is  probably  not  due  to  oppositional  winnowing. 
Species  missing  at  Lost  and  Found  Quarries  which  are  present  at 
Rhinoceros  Hill  Quarry  include  Teleoceras  fossiger,  a  rhinoceros 

known  for  its  spotty  distribution,  probably  a  reflection  of  its  habi- 
tat preferences;  and  Machairodus  coloradensis,  whose  preferred 

habitat  was  probably  also  lowland.  ( 2 )  Carnivore  diversity  at  Lost 
and  Found  Quarries  is  considerably  higher  (twice  as  high)  as 
carnivore  diversity  at  Rhinoceros  Hill;  it  exceeds  carnivore  diversity 
at  Edson  Quarry  also.  This  may  be  due  to  depositional  winnowing; 
an  ecological  explanation  is  not  as  easy  to  support  in  any  of  the 
four  taxa  not  present  at  Rhinoceros  Hill.  Bassariscus,  the  ring- 

tailed  cat,  prefers  habitat  of  "rocky,  broken  areas,  often  near  water" 
(Walker,  1968).  Plesiogulo,  Pratifelis,  and  Adelphailurus  could 

have  been  associated  with  either  upland  or  lowland  habitat,  par- 
ticularly since  the  skeleton  is  nearly  unknown  in  the  latter  two. 

(3)  The  Rhinoceros  Hill  collection  contains  only  one  more  ungu- 
late taxon  (Titanotylopus)  than  does  the  collection  from  Lost  and 

Found  Quarries;  however,  Titanotylopus  was  probably  rare  at  this 

time  in  this  area.  (4)  The  widest-ranging  taxa  (if  depositional  or 
collection  biases  are  not  considered)  are  Osteoborus  cyonoides, 
Dinohippus  interpolatus,  Aphelops  mutilus,  Hemiauchenia  vera, 
and  the  unnamed  camelid,  for  they  occur  at  all  three  localities. 
Each  of  these  taxa  is  outstandingly  cursorial  for  its  taxonomic 
group:  Aphelops  more  so  than  Teleoceras,  Dinohippus  more  so 
than  any  of  the  other  equids,  Hemiauchenia  more  so  than  the 

unnamed  camelid  and  probably  more  so  than  the  giraffe-camel 
Megatylopus,  Osteoborus  more  so  than  Vulpes.  Osteoborus  may 
also  have  been  more  commonly  represented  because  it  probably 
had  social  as  opposed  to  solitary  habits.  Perhaps  the  more  widely 
represented  ungulates  were  also  commonly  found  in  herds,  or 

perhaps  these  taxa  actually  were  wider-ranging  and  less  dependent 
on  the  lakeside  gallery  forest  or  marsh  environment  postulated  for 
Rhinoceros  Hill  (Bennett,  1977)  than  were  other  animals  found  in 
the  area  at  the  time.  (5)  Taxa  occurring  at  only  one  quarry  include 
Pratifelis  martini,  Bassariscus  cf.  ogallalae,  and  Titanotylopus.  In 
all  these  cases,  actual  rarity  of  the  taxon  at  the  time  is  part  of  the 
explanation. 

On  the  basis  of  co-occurrence  of  five  species  out  of  19  species 
occurring  at  either  locality,  Lost  Quarry  and  Found  Quarry  arc 
considered  to  be  biostratigraphically  equivalent  (Table  5).  The 
biostratigraphic  relationship  of  Lost  Quarry  to  Rhinoceros  Hill 
Quarry  is  established  on  the  basis  of  10  out  of  18  species  which 
occur  at  either  locality.  The  biostratigraphic  equivalence  of  Found 
Quarry  to  Rhinoceros  Hill  Quarry  is  established  on  the  basis  of 

co-occurrence  of  10  species  out  of  20  species  which  occur  at  cither 
locality.     The    biostratigraphic   equivalence    of    Lost    and    Found 



20 OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

Table  5. — Taxonomic  composition  of  four  Hemphillian  faunas  from 
northwestern  Kansas. 

Rhino  Edson  Lost  Found 
Taxon  Hill  Quarry  Quarry  Quarry 

Pratifclis  cf.   P.   martini       X 

Adelpha&urus  cf.  A.  kansensis  X1  X 
hiacha&rodus  coloradensis    .X  X1' 
Plesiogulo  cf.  P.  marshalli  X1  X 
Osteoborus  cyonoides    X  X1  X  X 
Agriothertum  sp      ?  X 
Bassariscus  cf.  B.  ogallalae  .__  X 

Vulpes  shermanensis       XX1  X 
Dinohippus  interpolatus     X  ?:!  X  X 
Astrohippus  ansae  X  X1  X 
"Nannippus"  Icntictilare       X  ?4  X 
Neohipparion  eurystyle       X 

Aphelops  cf.  mutilus    X  X1  X  X 
Telcoceras  cf.  fossiger    X 
Platijbclodon  sp.   -   _  X  ? 

Prosthennops  sp    X  .        Xs  ? 
Hemiauchenia  vera     X  X°  X  X 
Megatylopus  sp.   _    XX7  X 
Camelid,  gen.  et  sp.  indet.    ...  X  Xs  X  X 
Titanotylopus   sp.         X 
Yumaceras  sp.     X  X 
Texoceras?      X  X 

'Hibbard  (1939).  "Hibbard,  1939;  Schultz  and  Martin,  1975;  Bennett, 
1977;  Dalquest,  1969.  3The  larger  equid  from  Edson  is  a  Dinohippus,  not  a 
Pliohippus,  but  specific  determination  has  not  yet  been  made.  '  Hipparion 
montezumae  may  be  a  synonym  of  "Nannippus"  Icntictilare.  See  Hibbard, 
1939.  "Hibbard,  1939,  identifies  Edson  Prosthennops  as  P.  serus  Cope.  °  "Plia- 
uchenia"  of  Hibbard,  1939,  is  Hemiauchenia  vera  in  part  (Harrison,  pers. 
COmm.,  1978).  '  Hibbard,  1939,  identifies  Edson  Megatylopus  as  M.  gigas. 
'  Plianclicnia  of  Hibbard,  1939,  is  this  camel  in  part  (Harrison,  pers.  eomm., 
1978). 

Quarries  (considered  together)  to  Edson  Quarry  is  established  on 

the  basis  of  eleven  known  co-occurring  ta\a.  Rhinoceros  Hill  and 
Edson  quarries  are  presently  known  to  share  twelve  species;  this 

number  may  increase,  as  the  Edson  Quarry  fauna  is  currently  being 
revised  (J.  A.  Harrison,  in  prep,  and  in  press).  The  Rhinoceros 
Hill  fauna  has  been  identified  as  I  Ieniphillian  in  age  (Stirton,  1936, 
and  others),  which  is  considered  to  be  latest  Miocene  (Rerggrcn 

and  VanCouvering,  1975).  The  closest  biostratigraphic  correlative 

to  these  lamias  onlside  Kansas  is  the  Coffee  Ranch  fauna  ( Dal- 
quest,  1909;  Matthew  and  Stirton,  L930,  and  others),  the  type  or 
Classic  I  Ieniphillian  lamia  (Wood  et  a!.,  1911).  There  are  at  least 
fourteen  species  in  common  between  Coffer  Ranch  and  Lost  and 

found  Quarries  (considered  together). 

The   conclusion   that    the   faunas   from    Lost   Quarry   and    Found 

Quarry  represent  part  of  a  regional  Fauna  also  represented  at  Edson 
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and  Rhinoceros  Hill  Quarries  seems  sound,  and  it  is  necessary  on 
the  basis  of  the  spatial  proximity,  geological  similarity,  and  faunal 
equivalency  of  these  four  quarries  to  consider  all  this  material 
when  discussing  the  total  paleoecology  of  Northwestern  Kansas 
during  Hemphillian  time. 

Summary 

The  geologic  and  biostratigraphic  relationships  of  four  Hemp- 
hillian (latest  Miocene)  local  faunas  from  northwestern  Kansas 

(Lost  Quarry,  Found  Quarry,  Edson  Quarry,  and  Rhinoceros  Hill 
Quarry)  are  discussed.  Both  paleoecology  and  collection  bias  are 
considered  in  an  explanation  of  their  differing  faunal  compositions. 
Eleven  taxa  from  Lost  Quarry  and  12  taxa  from  Found  Quarry  are 
systematically  described.  The  rare  giant  bear,  Agriotherium,  is 

identified  from  one  complete  molar  from  Lost  Quarry.  Small  carni- 
vore diversity  in  these  two  quarries  is  shown  to  be  exceptionally 

high;  a  right  ramus  with  alveolus  for  inferior  canine,  complete  P3, 
P4,  and  Mi  is  referred  to  Adelphailurus  kansensis.  The  type  of  this 
taxon  comes  from  Edson  Quarry  in  extreme  southeastern  Sherman 
County,  Kansas,  and  consists  of  a  partial  palate  and  dentition.  This 
reference  is  the  first  of  a  partial  mandible  to  this  type. 

REStMEN 

En  un  estudio  de  tres  faunas  Hemphillianas  locales  de  la  region  del 
noroeste  de  Kansas  (Lost  Quarry,  Found  Quarry,  y  Rhinoceros  Hill  Quarry), 
se  discuten  sus  relaciones  geologicas  y  estratigraficas.  Factores  asociados  a  la 
paleoecologia  y  a  los  errores  de  muestreo  se  consideran  en  la  discusion  de  sus 
diferentes  composiciones  faunisticas.  Describiendose  11  taxones  para  Lost 
Quarry  y  12  para  Found  Quarry.  Al  extrano  oso  gigante  Agriotherium  se  lo 

identifica  basado  en  un  molar  completo  encontrado  en  Lost  Quarry.  La  diversi- 
dad  de  los  pequenos  carnivoros  en  Lost  y  Found  Quarry  es  bastante  alta.  A 
una  rama  mandibular  derecha  que  tiene  el  alveolo  del  canino  y  P3,  P4,  y  Mi 
completos  se  la  identifica  como  perenenciente  a  Adelphailurus  kansensis  cuyo 
tipo  consistente  en  un  paladar  y  dentadura  parciales,  proviene  de  Edson  Quarry 

en  el  sudeste  extremo  del  Condado  de  Sherman,  Kansas.  La  referencia  pro- 
vista  en  este  estudio  es  la  primera  para  una  mandibula  parcial  de  este  tipo. 
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|.-„.    fi._.\.  Astrohippua  ansae,  metacarpal,  anterior  and  posterior  views,  KUVP- 

L2435.    B.  Dlnohipptu  interpolatus,  metacarpal,  anterior  and  posterior  vie
ws, 

KTJVP    1836.     C.    DinohipptU    interpolatus,    metatarsal,    anterior    and    posterior 

views,     KUVP-3837.      I).     "Nantlippiu"    lenticulare,     metatarsal,    anterior    and 
rioi  views,  KUVP-3840. 
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GLACIATION  AND  SPECIES  RICHNESS  OF  BIRDS 
ON  AUSTRAL  SOUTH  AMERICAN  ISLANDS 

By 

Philip  S.  Humphrey1  and  Jaime  E.  Pefaur1,2 

Austral  South  American  islands  from  approximately  38°  S  lat  on 
Pacific  side  south  to  Cape  Horn  (56°S  lat)  and  east  to  the  Islas  de 

los  Estados  (Fig.  1)  comprise  a  fringe  of  "mountain  tops  flooded 
by  the  sea"  (Chapman,  1933:360).  All  these  islands  are  forested 
except  some  of  the  southernmost  ones  (e.g.,  Noir,  Diego  Ramirez) 

and  countless  rocks  and  small  islets.  Most  of  them  are  "land  bridge" 
islands  (sensu  Diamond,  1973:760)  since  they  were  part  of  the 
South  American  continent  during  the  Pleistocene.  However,  not 
all  of  them  were  glaciated  during  that  time.  Our  concern  in  the 

present  paper  is  with  the  effect  of  elimination  of  an  island's  biota 
by  glaciation  on  present  species  richness  of  its  avifauna.  We  will 
determine  in  a  preliminary  way  the  difference  in  present  species 
richness  of  birds  between  islands  whose  biotas  were  eliminated  by 
glaciation  during  the  Pleistocene  and  those  whose  biotas  were  not. 

We  selected  seven  forested  and  partly  forested  islands  for  which 
we  were  able  to  obtain  adequate  published  and  unpublished  data 
on  species  richness  of  birds  ( Table  1 ) :  La  Mocha,  Chiloe,  Las 
Guaitecas,  Isla  Grande  de  Tierra  del  Fuego,  Hoste,  Wollaston,  and 

Los  Estados  (Fig.  1).  These  islands  range  from  38°S  lat  to  almost 
56° S  lat;  all  are  at  present  from  4  to  35  km  distant  from  closest 
land;  they  vary  in  area  from  48  km2  to  47,367  km2  ( Table  1 ) . 

1  Museum  of  Natural  History  and  Department  of  Systematics  and  Ecology, 
Univ.  of  Kansas,  Lawrence,  Ks.  66045. 

2  Present  address:    Departamento  de  Biologia,  Facultad  de  Ciencias,  Uni- 
versidad  de  los  Andes,  Merida,  Venezuela. 
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Fig.  1. — Southern  South  America,  showing  the  islands  compared  in  this 
study. 

The  biotas  of  the  islands  considered  in  this  study  were  affected 

in  two  ways  by  "the  final  readvance  of  the  Llanquihue  Glaciation 
probably  ca.  l'UKH)  BP"  (Mercer,  1976:155):  the  avifaunas  of  the 
lour  southern  islands  (Grande,  Hoste,  Wollaston,  Los  Estados)  were 
eliminated  while  those  of  the  three  northern  islands  (La  Mocha, 
( !hilo£,  Las  Gnaitecas)  were  not.  Except  for  La  Mocha  and  possibly 
Los  Estados,  the  islands  probably  were  connected  to  the  continent 
at  that  time  because   sea  level  may   have  been  between  90  and 
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100  meters  lower  (Hopkins,  1973:535).  South  of  43°S  lat  (Mercer, 
1976:148)  ice  from  the  Andes  flowed  westward  and  downward  into 
the  Pacific,  virtually  eliminating  all  of  the  biotas  on  the  western 
slopes  ( Simpson,  in  press )  and  extended  to  the  Atlantic  only  south 

of  52°S  lat  (Baez  and  Scillato,  in  press). 
Most  glacial  shrinkage  in  the  southern  Andes  south  of  38°  S  lat 

began  between  12,000  and  13,000  BP  and  probably  at  about  the 

same  time  in  the  southern  islands  south  of  52° S  lat;  Seno  Otway 
(52°48'  S  lat)  was  deglaciated  before  12,000  years  BP  (Mercer, 
1976:155). 

Chiloe  and  probably  Las  Guaitecas  were  only  partly  glaciated 

and  La  Mocha  not  glaciated  at  all  during  the  Llanquihue  Glacia- 
tion.  Chiloe  and  Las  Guaitecas  became  islands  during  post-glacial 
rise  in  sea-level  soon  after  13,000  years  BP.  Each  already  had  the 
biota  characteristic  of  that  latitude  including  the  continental  species 
richness  for  birds.  La  Mocha  presumably  already  was  an  island 

when  post-glacial  rise  in  sea-level  occurred  and  had  less  than  the 
continental  species  richness  for  birds.  Rise  in  sea-level  reduced 

the  areas  of  the  three  islands  and  they  may  have  become  "super- 
saturated" with  respect  to  species-area  equilibrium  (Terborgh, 

1974).  Thus,  we  believe  these  islands  lost  (and  may  still  be  losing) 

species  since  post-glacial  rise  in  sea-level  and  are  now  at  or  above 
equilibrium  with  respect  to  species  richness  of  birds,  in  contrast  to 

Grande,  Hoste,  Wollaston,  and  Los  Estados  which,  since  their  isola- 
tion, have  gained  species  and  may  now  be  at  or  below  equilibrium 

with  respect  to  species  richness  of  birds. 

If  glacial  and  post-glacial  events  did  not  affect  the  species  rich- 
ness of  birds  differently  on  the  northern  (unglaciated  or  partly 

glaciated)  and  southern  (completely  glaciated)  groups  of  islands 
or  if  the  glacial  effects  (whatever  they  may  have  been)  have  long 
since  vanished,  then  species  richness  of  birds  on  each  island  would 
be  as  expected  in  relation  to  area  of  each  island  and  distance  to 

closest  land,  according  to  the  theory  of  island  biogeography  ( Mac- 

Table  1. — Data  for  eight  southern  South  American  islands. 
Distance 

Island 
Lati- tude 
South 

Longi- tude 
West 

Area 

in  km2 

from 

closest 
land 
in  km 

Species     Conditions 
richness0          ■ 

(Y  .BIRDS)     c£eer 

ca  13,000  BP: 

vegeta- 

island       tion 

La  Mocha 
38°22' 73°  56' 

48 
35 84 None? 

Yes Forest 
Chiloe 

42°30' 73°55' 

8138 8 119 Partial No Forest 
Las  Guaitecas 

43°52' 73°59' 

234 30 
81 

Partial? No Forest 
Grande 

54°00' 
69°  00' 

47367 4 136 
Total No Absent 

Los  Estados 
54°47' 64°  15' 

501 26 
61 

Total ? Absent 
Hoste 

55°15' 69°00' 
4172 5 78 Total No Absent 

Wollaston 
55°43' 67°23' 

209 30 53 Total 
No 

Absent 

*  Species  richness  of  birds  except  Procellariiformes,  Sphenisciformes,  and  extralimital 
accidentals.  References:  Bullock  (1935),  Castellanos  (1935,  1937),  Housse  (1924,  1925), 
Humphrey  et  al.  (1970),  Johnson  (1965,  1967),  Meyer  de  Schauensee  (1966),  Olrog  (1948, 
1950,   1958,  1963),  Oustalet  (1891),  Pefaur  and  Yaiiez  (in  press),   Reynolds   (1935). 
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Arthur  and  Wilson,  1967).  We  have  shown  elsewhere  (Pefaur  and 
Humphrey.  MS)  that  latitude  also  influences  species  richness  (and 
presumably  also  equilibrium  values)  of  birds  on  austral  South 
American  islands. 

Therefore,  the  null  hypothesis  we  tested  is  that  present  species 
richness  of  birds  on  each  of  the  seven  islands  is  at  equilibrium 
and  consequently  is  what  one  would  expect  in  relation  to  adjacent 
continental  species  richness  (latitude),  distance  from  land,  island 
area,  and  the  passage  of  time. 

One  test  of  the  above  null  hypothesis  would  be  to  construct  a 

species-area  curve  for  forested  oceanic  islands  off  the  coast  of 
southern  South  America.  The  species-area  curve  constructed  from 
the  presumed  equilibrium  values  for  such  islands  might  enable 
us  to  determine  whether  each  of  the  seven  islands  was  at,  above, 

or  below  equilibrium  with  respect  to  species  richness  of  birds. 
However,  since  there  are  no  forested  islands  in  the  southwestern 

Atlantic  or  southeastern  Pacific  in  terms  of  which  a  species-area 
equilibrium  model  could  be  constructed,  it  was  necessary  to  test 
the  null  hypothesis  by  comparing  one  group  of  islands  with  the 
other.  Since  the  southern  islands  (Grande,  Hoste,  Wollaston,  and 
Los  Estados)  are  the  largest  group,  we  constructed  a  test  using  those 
four  islands.  The  test  is  predicated  on  the  assumption  that  the 
difference  (d)  between  the  observed  number  of  species  of  birds 
for  an  island  (YjBIRDS)  and  the  continental  number  of  species 
(V, BIRDS)  for  that  latitude  is  a  function  of  island  area  (AR)  and 
distance  to  closest  land  (DL).  We  assumed  that  the  passage  of 
time  was  equal  for  all  the  islands. 

To  predict  the  continental  number  of  species  for  the  latitude 
of  each  island  we  constructed  linear  regressions  of  numbers  of 
continental  species  of  birds  at  latitudes  both  east  and  west  of  the 
Andes,  the  species  of  birds  being  taken  from  Johnson  (1965,  1967) 

Table    2. — Number    of    bird    species    (not    including    Sphenisciformes, 
Procellahiifohmes,  oh  extralimital  accidentals)  west  and  east  of  the 
Andes  and  regression  models  expressing  the  species-latitude  gradients. 

w  =  west     (Chile);    e  =  east     (Argentina);     LT  =  latitude. 

Degrees Numbers of  bird  species: 
South West East 

I  Atitude (Chile) (Argentina) 
35 217 Mendo/a,  San   Luis 
16 

L83    Centra] 

10 
170     Lake  District 229 

Neuquen,  Rio  Negro 
45 L42    Continental  Chilo£  &  Aysen 100 

Chubut 
50 172 Santa  Cruz 
51 

120    Northern  Magallanes 

r  = 
-  0.967 

-  0.987 

(1)   y\BIRDSw  = (2)   ?cBIRDS.  = 
337.007  -4.1 74LT 433.9  -  5.28LT 
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and  Olrog  (1963).  The  species-latitude  gradient  on  the  east  side 
of  the  Andes  differs  from  that  on  the  west  side  south  of  35 °S  lat. 
A  dendrogram  of  avifaunal  resemblance  (Pefaur  and  Humphrey, 
MS)  for  the  three  northern  islands,  the  four  southern  islands,  the 
Falklands,  Santa  Cruz  Province,  and  three  continental  areas  of 
Chile  indicated,  as  expected,  that  estimates  of  continental  numbers 
of  species  for  the  northern  islands  should  be  made  from  the  western 

species-latitude  regression  model  (1)  and  those  for  the  southern 
islands  from  the  eastern  regression  model  (2)  (Table  2). 

Using  regression  model  (2)  for  east  of  the  Andes,  we  estimated 
continental  numbers  of  species  of  birds  for  the  latitudes  of  the 
four  southern  islands  and  calculated  the  differences  (d)  between 
the  estimated  (YcBIRDSe)  and  the  observed  (YiBIRDS)  numbers  of 
species  of  birds  for  each  of  the  islands  (Table  3). 

We  then  constructed  a  step-wise  regression  model  using  d  as 
the  dependent  variable  and  island  area  (AR),  distance  to  closest 
land  (DL),  and  longitude  (LN)  as  the  independent  variables 
(Table  1). 

(3)  Yd  =  66.301  - 0.001AR  +  0.736DL 

The  correlation  matrix  for  this  model  is  presented  in  Table  4. 
We  used  regression  model  (1)  to  estimate  continental  species 

richness  (YCBIRDSW)  of  the  avifaunas  of  the  three  northern  islands. 

We  estimated  the  difference  (Yd)  between  continental  species  rich- 
ness (YCBIRDSW)  and  the  predicted  present  species  richness 

(YiBIRDS)  for  each  island  by  using  regression  model  (3).  We  then 

subtracted  the  estimated  difference  (Yd)  from  the  continental  spe- 
cies richness  (YCBIRDSW)  of  each  island  to  obtain  the  predicted 

present  species  richness  (YiBIRDS)  of  birds  (Table  5). 

If  the  null  hypothesis  is  correct  that  presence  or  absence  of  com- 

Tabije  3. — Estimated  continental  numbers  of  species  of  birds  for  the 
southern    islands    and    differences    (d)    between    those    and    observed 
numbers  of  species   (not  including  sphenisciformes,  procellariiformes, 

and  extra-limital  accidentals). 

Island  YcBIRDSe  YiBIRDS  d~~ 
Grande          149  136  -13 
Los  Estados             146  61  -85 
Hoste          143  78  -65 

Wollaston       141   53   -88 

Table  4. — Correlation  matrix  for  regression  model  for  four  southern 

islands    (Grande,   Hoste,   Wollaston,   Los   Estados).    See   text   for   ab- 
breviations. 

~~LN~  AR  DL  d 
LN              1.0000 
AR           0.5315  1.0000 

DL           -0.7634  -0.6583  1.0000 
d          -0.6408  -0.9759  0.8067  1.0000 
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plete  glaciation  has  had  no  effect  on  present  species  richness  in 

the  avifaunas  of  Fuego-Patagonian  islands  then  predicted  (YjBIRDS) 
and  observed  (YjBIRDS)  numbers  of  species  of  birds  for  each  of 
the  three  northern  islands  should  be  the  same.  If  the  predicted 

number  of  species  of  birds  for  each  of  the  northern  islands  is  sub- 
stantially below  the  observed  number,  then  the  null  hypothesis  is 

rejected  and  one  of  three  sets  of  circumstances  pertains: 
1)  the  southern  islands  (Grande,  Hoste,  Wollaston,  Los  Estados) 

are  below  equilibrium  and  the  northern  islands  (La  Mocha,  Chiloe, 
Las  Guaitecas)  are  at  equilibrium. 

2)  the  southern  islands  are  at  equilibrium  and  the  northern 
islands  are  above  equilibrium. 

3)  the  southern  islands  are  below  equilibrium  and  the  northern 
islands  are  above  equilibrium. 

The  results  of  the  test  suggest  that  La  Mocha  has  reached 
equilibrium  for  number  of  species  of  birds  and  that  Chiloe  and 

Las  Guaitecas  are  above  equilibrium.  This  outcome  is  not  unex- 

pected in  that  La  Mocha  is  very  small  in  area  (48  km2)  and  com- 
paratively distant  (35  km)  from  land.  Moreover,  since  the  southern 

island  regression  model  predicted  the  equilibrium  species  richness 
for  the  avifauna  of  La  Mocha,  it  is  reasonable  to  suggest  that 
species  richness  of  the  avifaunas  of  each  of  the  southern  islands  is 
also  at  equilibrium. 

In  addition,  the  results  of  the  test  are  consistent  with  the  notion 
that  extinction  rates  are  inversely  related  to  island  area.  Estimated 
rates  of  net  loss  in  years  per  species  for  Chiloe  and  Las  Guaitecas  are 
inversely  proportional  to  island  area.  Since  La  Mocha  very  likely 
was  an  island  13,000  years  ago,  the  species  richness  of  its  avifauna 

may  have  reached  equilibrium  soon  after  post-glacial  rise  in  sea- 
level  at  a  net  insular  extinction  rate  that  cannot  be  determined. 

Preliminary  conclusions  of  our  study  are: 
1.  Numbers  of  species  of  birds  are  at  present  above  equilibrium 

on  Chiloe  and  Las  Guaitecas.  These  islands  were  part  of  the 
continent  during  the  Llanquihue  Glaciation  and  since  they  were 
only  partly  glaciated,  they  had  the  continental  species  richness  of 
birds  when  they  became  islands  during  glacial  shrinkage  between 

Table  5.     Predicted    (YJBIRDS)    and  observed    (YiBIRDS)    numbers  of 
BPECD28   OF    BIRDS    ON    THREE   SOUTHERN    South    AMERICAN    ISLANDS.     The    95% 

CONFIDENCE  LIMITS  ion  Y,   ARE:     La  Mocha   ±12.068,  Chiloe   ±12.010.  and 
Las  Cuaitecas   ±12.011. 

Distance 

Differ-       Island  from 
Island      Y-BIRDSw-Y,.   =  Y.BIRDS    Y, BIRDS    ence      area  km2     land  km 

35 
8 

30 

1  .t   Mocha 177 <)2           85 

84 

-  1 

48 

(  .'1 II lor L60 M    =    96 

1  1') 
+  23 

HI  38 
I. as  Cuailii  as 150 88    =    67 81 

+14 

234 
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13,000  and  12,000  BP.    They  have  been  "relaxing"  toward  equi- librium ever  since. 

2.  La  Mocha  probably  was  not  part  of  the  continent  during 
the  Llanquihue  Glaciation;  in  any  case,  the  island  was  not  glaciated. 
The  species  richness  of  its  avifauna  is  now  at  equilibrium. 

3.  Isla  Grande  de  Tierra  del  Fuego,  Los  Estados,  Wollaston, 
and  Hoste  all  were  completely  glaciated  during  the  Llanquihue 
Glaciation  and  their  avifaunas  extinguished.  The  species  richness 
of  the  avifaunas  of  each  of  these  islands  now  is  at  equilibrium. 

4.  Latitude,  in  concert  with  island  area  and  distance  to  closest 
land,  has  an  important  influence  on  numbers  of  species  of  birds  on 
austral  South  American  islands. 

We  have  developed  a  preliminary  model  that  estimates  equi- 
librium values  for  species  richness  of  birds  of  forested  southern 

South  American  islands.  Using  these  estimates  we  have  calculated 

net  insular  extinction  rates  of  partly  glaciated  or  unglaciated  "land 
bridge"  islands  that  appear  to  be  "relaxing"  toward  species-area 
equilibria,  the  sizes  of  which  are  directly  related  to  area  and  in- 

versely related  to  both  latitude  and  distance  to  land.  Large  south- 
ern South  American  land  bridge  islands  that  were  partially  or  not 

at  all  glaciated  about  13,000  years  BP  have  present  species  rich- 
nesses for  birds  that  are  greater  than  equilibrium.  Net  insular  ex- 

tinction rates  of  high  latitude  land  bridge  islands  may  be  an  order 
of  magnitude  slower  than  those  of  land  bridge  islands  near  the 
equator  (for  data  on  estimated  past  continental  and  present  species 
richnesses  of  low  latitude  land  bridge  islands  see  Terborgh,  1974:717 

and  Diamond,  1973:760-761).  Fuegian  islands  were  completely 
glaciated  during  the  late  Pleistocene  and  lost  their  biotas.  Follow- 

ing glacial  shrinkage  between  12,000  and  13,000  BP  birds  reap- 
peared on  these  islands  and  numbers  of  species  reached  equilibrium 

an  unknown  number  of  years  before  present. 
Our  analysis  and  interpretation  of  data  bearing  on  the  difference 

in  present  species  richness  of  birds  between  austral  South  American 
islands  whose  biotas  were  eliminated  by  glaciation  and  those  whose 
biotas  were  not  are  tentative  and  speculative.  Our  sample  of  seven 
islands  was  small  and  the  avifaunal  data  not  as  detailed  as  we 
would  have  liked.  Neither  of  these  deficiencies  can  be  remedied 
without  additional  fieldwork. 

Acknowledgments. — Unpublished  data  concerning  the  birds  of 
Isla  de  los  Estados  were  obtained  from  the  letters  and  field  notes 

of  Philip  Angle,  David  Bridge,  Jeffrey  Boswall,  H.  Meade  Cabot,  Jr., 
Rae  Natalie  P.  Goodall,  Oscar  Kuhnemann,  and  Robin  J.  Prytherch. 
We  are  grateful  to  William  M.  Adams  for  sending  us  a  list  of  birds 
he  saw  during  recent  field  work  on  Isla  Hoste. 
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Dr.  Slade  calculated  confidence  intervals  and  assisted  generously 

with  statistical  consultation.  Drs.  Beryl  Simpson  and  Francois 
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NOTES  ON  AN  IMPORTANT  NINETEENTH 
CENTURY  COLLECTION  OF  CENTRAL 

AND  NORTH  AMERICAN  BIRDS 
MADE  BY  N.  S.  GOSS 

By 

Marion  
Anne  

Jenkinson  

and  
Robert  

M.  Mengel1 
In  the  1870's  and  1880's  Colonel  Nathaniel  S.  Goss,  of  Neosho 

Falls,  Kansas,  accumulated  a  large  collection  of  mounted  birds 
(2,500  specimens  are  listed  in  his  catalogues),  mostly  through  his 
own  collecting  efforts.  His  aim  seems  to  have  been  to  prepare  a 
lifelike  mount  of  a  male  and  female  of  each  species  of  North 
American  bird.  To  this  end,  Col.  Goss  travelled  widely  in  the 
United  States,  to  some  extent  in  Canada,  in  Mexico,  Honduras, 
British  Honduras,  Guatemala,  Nicaragua,  and  Costa  Rica. 

The  fate  of  his  specimens  was  varied.  Most  of  the  specimens 

in  Goss's  catalogues  are  marked  with  a  "C,"  which  evidently  indi- 
cated that  the  specimen  was  admitted  to  "the  collection."  About 

30  conventional  study  skins  were  stated  to  have  been  sent  to  the 
United  States  National  Museum,  and  we  have  verified  that  all  of 
these  are  at  that  museum  now.  A  fair  number  of  entries  lack  one 

or  the  other  of  these  designations  and  we  assume  that  Goss  dis- 
carded these;  almost  without  exception  they  are  not  now  present. 

The  bulk  of  the  collection  eventual])'  became  the  property  of 
the  Kansas  State  Historical  Society  in  Topeka  (see  Janes,  1964, 
for  their  history  at  that  institution).  An  unknown  number  of 
specimens  was   given   to   Washburn    University,   Topeka,   in    1949. 

1  The  Museum  of  Natural  History  (and  lor  HMM  also  The  Department 
of  Systematies  and  Ecology),  The  University  of  Kansas,  Lawrence,  Kansas 
66045. 
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All  of  the  Goss  specimens,  save  the  study  skins,  have  been  on 
exhibit  For  nearly  100  years  and  some  are  badly  faded. 

In  1977.  the-  approximately  1.350  specimens  still  at  the  Kansas 

State  Historical  Society's  Museum  were  given  to  The  University  of 
Kansas  Museum  of  Natural  History.  We  are  planning  to  remake 
these  specimens  (except  for  the  type  specimens)  into  conventional 

study  skins  insofar  as  possible.  With  the  birds  were  three  leather- 
bound  catalogues  compiled  by  Goss  and  containing,  in  addition 

to  the  specimen  entries,  nesting  data,  many  field  notes,  and  miscel- 
laneous information. 

Many,  but  not  all,  of  the  specimens  housed  at  Washburn  Uni- 
versity were  destroyed  by  the  great  Topeka  tornado  of  8  June 

1966.  We  recently  visited  Washburn  University  and  examined  the 
approximately  135  mounted  birds  that  remain  there.  Of  these,  8 
were  particularly  important  specimens,  and  these  were  generously 
given  to  the  K.U.  Museum  of  Natural  History. 

Goss's  catalogues  indicate  that  he  also  collected  a  large  num- 
ber of  eggs.  He  gave  main-  of  these  to  his  brother  Benjamin  F. 

Goss,  whose  egg  collection  is  now  housed  at  the  Milwaukee  Public 
Museum  in  Wisconsin.  We  do  not  know  the  whereabouts  of 

whatever  eggs  Col.  Goss  retained;  if  they  were  given  to  Washburn 
University  at  some  time,  they  are  not  there  now. 

Summarizing,  we  have  now  a  fairly  complete  conception  of 
what  Goss  specimens  are  extant  and  where  they  are  located.  The 
identification  of  all  of  the  specimens  known  to  exist  (other  than 
eggs)  has  been  verified  either  by  us  or  by  personnel  at  the  U.S. 
National  Museum. 

In  1899,  D.  E.  Lantz  published  a  list  of  birds  which  Goss  had 
collected  in  Mexico  and  Central  America.  Various  students  of  the 

Central  American  avifauna  have  referred  to  Lantz's  list,  but  seem- 
ingly none  has  examined  the4  specimens.  Lantz  gave  Only  specie's 

names    and    localities,    not    dates   of    collection    and    frequently  "hot 

sexes.  The  list  was  uncritical  (Goss's  identifications  were  accepted 
without  question)  and  contains  many  typographical  and  substan- 

tive errors.  The  large  number  of  the  latter  may  give  the  impression 
that  ( toss  was  not  a  careful  worker;  his  catalogues  and  contempo- 

raries  I  see,   for  example,   Allen,    1S91  )    suggest  otherwise. 

Among  the  256  loi'ins   listed   by   Lantz.  we  have  found  only    12 
errors  oi  identification  at  the  specific  level,  a  very  creditable 
performance  for  the  times.   For  the  species  lor  which  no  specimens 
seem  to  be  extant,  in  most  cases  we  see  no  reason  to  doubt  the 
identification. 

Kansas 

(.oss  collected  over  700  specimens  in  Kansas,  mostly  near 
Neosho   Falls    Woodson  Coimlv.  and  these  formed   the  basis  ol    his 
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book  on  the  birds  of  Kansas  (Goss,  1891).  Most  of  the  critical 
specimens  from  Kansas  are  extant  and  are  at  The  University  of 

Kansas  Museum  of  Natural  History — for  example,  breeding  Black- 
capped  Vireos  (Vireo  atricapillus) ,  breeding  Peregrine  Falcons 

(Falco  peregrinus),  first  state  record  of  Sabine's  Gull  (Xema 
sabini),  etc. 

Mexico 

Goss  collected  about  175  specimens  in  Mexico.  Lantz  gave 
only  village  or  city  names  for  the  localities,  but  through  study  of 
the  dates  on  the  specimens,  notes  in  the  catalogues,  and  letters 

from  Goss  to  his  family,  we  have  been  able  to  identify  the  princi- 
pal collecting  sites.  The  coordinates  we  give  are  approximate,  but 

most  sites  can  be  found  on  railways.  Goss  was  a  railroad  business- 
man, and  a  fair  number  of  his  collecting  activities  seem  to  have 

been  facilitated  by  that  fact. 

Some  of  the  localities  are  easily  found  on  most  maps,  but  we 

mention  all  here  for  completeness.  In  Baja  California,  Goss  col- 

lected on  the  Coronados  Islands  (32°  28'N,  117°  16'W),  San  Pedro 
Martir  Isle  (28°  22'N,  112°  18'W),  La  Paz  (24°  10'N,  110°  17'W), 
and  Tijuana  (32°  29'N,  117°  10'W).  Lantz  listed  a  Merlin  (Falco 
columbarius)  as  being  from  "Lower  California."  Goss's  catalogue 
indicates  that  this  was  shot  by  a  C.  H.  Goodrich,  on  25  March 
1884,  on  the  coast  about  50  miles  south  of  San  Diego. 

Three  collecting  sites  were  in  Sinaloa — Culiacan  (24°  49'N, 
107°  24'W),  Limoncito  (24°  46'N,  107°  45'W),  and  Altata  (24° 
38'N,  107°  57'W);  and  two  were  in  Veracruz— Coatepec  (19° 
29'N,  96°  59'W)  and  Rinconada  (19°  22'N,  96°  34'W).  Goss  also 
collected  briefly  at  Ciudad  Lerdo,  Durango  (25°  33'N,  103°  30'W), 

"the  end  of  the  track  on  the  Mexican  Central  R.W."  (Goss,  in  lift., 
1883).  All  of  these  localities  can  be  found  on  The  American  Geo- 

graphical Society's  "Map  of  Hispanic  America"  series.  Just  before 
his  arrival  at  Lerdo,  Goss  collected  at  "Florido."  We  think  that  he 
probably  was  at  or  near  "Estacion  Florido,"  Chihuahua,  at  27° 
36'N,105°  03'W  (shown  on  Carta  Topografica  G13A29,  Comision 
dc  Estudios  del  Territorio  Nacional). 

Goss  seems  to  have  made  no  errors  of  identification,  at  the 
species  level,  for  the  birds  he  collected  in  Mexico  and  the  locality 
records  represented  by  the  specimens  are  not  remarkable.  Only 
one  error  made  by  Lantz  is  worthy  of  note.  The  specimen  of  the 

Wedge-billed  Woodcreeper  (Glyphorhynchus  spirurus)  that  Lantz 
said  was  from  Coatepec,  Veracruz,  was  in  fact  from  Costa  Rica. 
Miller  et  al.  (1957:  46),  state  that  there  are  several  records  from 

Veracruz  for  that  species;  Goss's  specimen  should  no  longer  be 
considered  as  documenting  one  of  those  records. 
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The  present  location  of  the  type  specimens  which  Goss  col- 
lected in  Mexico  is  discussed  later. 

Guatemala 

Goss  visited  Guatemala  twice  and  collected  about  200  speci- 

mens there.  Griscom  (1932:  411)  stated  that  Lantz's  list  contained 
"numerous  obvious  errors  of  identification"  and  that  he  accordingly 
"ignored  all  records  in  [that]  paper  referring  to  critical  groups." 

Most  of  the  records  we  discuss  are  from  Santo  Tomas,  "a  hamlet 
on  the  east  coast  ten  miles  southeast  of  Livingston  and  due  south 

of  Puerto  Barrios"  (Griscom,  1932:  423). 
Goss  misidentified  the  oriole  Icterus  dominicensis  prostliemelas, 

common  enough  in  Guatemala,  as  7.  graduacauda.  His  specimens, 

a  pair  from  Santo  Tomas,  had  represented  the  only  known  "record" 
of  7.  graduacauda  from  Guatemala.  The  male  is  now  K.U.  72723. 
The  female  appears  to  be  lost,  but  we  think  it  must  certainly  be 
assumed  that  she  too  was  misidentified.  Griscom  (1932)  ignored 
the  record.  It  was,  however,  accepted  by  Hellmayr  (1937:  143) 

who  mistakenly  stated  that  Santo  Tomas  was  in  "extreme  north- 
western  Guatemala"  (italics  ours).  Most  later  workers  (e.g.,  Blake, 
1968:  165)  followed  Hellmayr  uncritically.  Land,  however  (1970: 

313),  questioned  Goss's  identification  and  pointed  out  (again)  the correct  location  of  Santo  Tomas  on  the  Caribbean  coast. 

Although  the  mistake  is  corrected  in  Goss's  catalogue,  Goss 
mislabelled  a  male  Tangara  larvata  (K.U.  72822)  taken  at  Smto 
Tomas  as  Tangara  lavinia.  So  reported  by  Lantz  (1899:  223),  this 

"record"  was  accepted  by  Griscom  (1932:  375)  and  seems  to  be 
the  basis  for  the  inclusion  bv  subsequent  workers  (e.g.,  Storer, 
1970:  374;  Land,  1970:  322;  Peterson  and  Chalif,  1973:  230)  of 
Guatemala  in  the  range  of  T.  lavinia.  Correction  of  this  error 

seems  to  leave  La  Ceiba,  Honduras  (see  Monroe,  1968:  358-359), 
as  the  northernmost,  reliable  record  for  this  tanager. 

Also  from  Santo  Tomas  are  two  specimens  of  the  Bare-crowned 
\ntl»ii<l   (Gymnocichla  nudiceps)—a  male   (K.U.  72304)   taken  2 
February   L886  and  a  female  (K.U.  72305)   taken  18  January  1886. 
Goss  misidentified  these  as  Drymophila  trifasciata  (a  synonym  of 
Pyriglena  leucoptera  of  South  America).   Gymnocichla  nudiceps  is 
rare   in  Guatemala  and   difficult   to  see   in   the  dense  brush    (Land, 
L970:    199)    and  apparently  (he  species  has  been   taken  only  a  few 
times  north  ol  Nicaragua  (see  Griscom,  L932:  236;  Monroe,  1968: 
238;  and  Russell,  L964:  L08). 

The  following  specimens,   which   were  misidentified   by  Goss 
and  consequently  by   I. ant/.),  arc  all  at  The   University  of  Kansas 

Museum.    \  male  and  female  Ramphastos  sulfuratus  (misidenti- 
fied as  li.  arid)   Iroiu  Santo  Tomas;  a  female  XiphorhynchllS  fiavi- 
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gaster  from  Santo  Tomas  and  a  male  of  the  same  species  from 
Naranjo  (misidentified  as  X.  guttatus  and  Lepidocolaptes  souleyetti, 
respectively),  a  female  Dendrocolaptes  certhia  from  the  Chocon 
River  in  eastern  Guatemala  (misidentified  as  X.  flavi  gaster ) ;  a  male 
and  female  Pipra  mentalis  (called  Antilophia  galeata)  from  Santo 

Tomas,  and  a  male  Oryzoborus  angolensis  funereus  from  the  Cho- 
con River  (called  Sporophila  americana).  (The  Chocon  River  is 

at  approximately  15°  45'N,  89°  OO'W.) 
Griscom  (1932:  164),  commenting  on  the  status  of  the  Bat 

Falcon  (Falco  rufigularis)  in  Guatemala,  stated  that  "it  is  un- 
doubtedly pure  chance  that  this  species  has  not  been  collected  in 

the  Caribbean  lowlands  of  Guatemala."  This  apparently  was  a 
lapsus  on  Griscom's  part,  for  he  also  mentioned  a  bird  taken,  by 
Goss,  in  Santo  Tomas  (which  is  in  the  Caribbean  lowlands).  This 
specimen  (K.U.  71610)  is  a  female  taken  11  January  1886. 

Goss  especially  prized  his  pair  of  Ocellated  Turkeys  (Agrio- 

charis  ocellata)  from  Yaxha,  Guatemala  (according  to  Goss's  cata- 
logue "about  40  miles  west  of  Cayo,  British  Honduras").  Unfortu- 
nately these  are  now  missing  and  may  have  been  stolen  from  the 

collection  when  it  was  housed  at  the  State  Capitol  (Janes,  1964: 
11).  Goss  stated  that  he  also  collected  two  eggs  from  the  nest  of 
the  pair,  on  11  March  1887. 

Belize  (  British  Honduras  ) 

Several  of  the  35  specimens  collected  by  Goss  in  British  Hon- 
duras (now  Belize)  represent  important  records.  Russell  (1964) 

mentioned  these,  but  because  he  thought  the  collection  was  no 

longer  extant,  he  relied  on  Lantz's  list,  which  lacked  dates  of  col- lection. 

Russell  (p.  88)  considered  Goss's  specimen  of  Anthrocothorax 
prevostii  from  Isabella  as  being  a  noteworthy  locality  record.  The 
specimen,  a  male,  was  taken  on  23  March  1887  and  is  now  K.U. 
72282. 

Goss  collected  a  male  Heliothryx  barroti  (K.U.  72284)  at  Cayo 
on  10  March  1887.  Apparently  there  are  only  a  few  records  for 
that  hummingbird  from  the  country   (Russell,  1964:   90). 

Two  specimens  of  the  Bananaquit  (Coereba  flaveola)  in  the 
British  Museum  were,  at  the  time  Russell  published,  the  only 
known  extant  specimens  of  that  species  from  British  Honduras 

(Russell,  1964:  149-150)  and  they  lacked  data.  Russell  expressed 
skepticism  about  the  validity  of  the  Goss  specimens  which  Lantz 
listed.  However,  the  two  specimens  arc  extant  and  were  correctly 
identified.  They  are  a  male  (K.U.  72618)  taken  on  6  March  1887 
and  a  female  (K.U.  72617)  taken  on  14  March  1887,  both  from 
Cayo. 
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Honduras 

Monroe  |  L968)  cited  many  of  Goss's  20  Honduran  specimens, as  listed  in  Lantz,  but  he  did  not  know  the  dates  of  collection  of 

the  specimens.  Several  are  worthy  of  note. 
A  female  Bicolored  Antbird  (Gymnopithys  bicolor)  taken  31 

January  1887  at  Choloma  was  the  first  Honduran  specimen  of  that 
species  (Monroe.  1968:  239).    It  is  now  K.U.  72303. 

Goss  misidentified  a  specimen  of  the  woodcreepcr  Dcndro- 
colaptes  perthia  as  XipJiorJu/ncJuts  jiavigaster.  The  specimen  (K.U. 
72292)  is  a  male  taken  at  Choloma  on  29  January  1887. 

Goss  collected  a  female  Scaly-throated  Leaf  scraper  ( Sclerurus 
guatemalensis)  at  Choloma  on  5  February  1887.  Monroe  (1968: 
232),  who  regarded  this  species  as  a  rare  to  uncommon  resident 
in  the  area,  mentioned  this  specimen  but  gave  no  date  for  it.  It 
is  now  K.U.  72298. 

Monroe  (p.  243)  considered  Schiffornis  turdinus,  the  Thrush- 
like Manakin,  as  being  decidedly  uncommon  in  Honduras.  He 

listed  Goss's  specimen  as  the  only  one  from  Choloma.  The  speci- 
men (K.U.  72320)  is  a  male  taken  30  January  1887. 

Nicaragua 

Goss  spent  a  few  weeks  in  December,  1889,  and  January,  1890, 
in  Nicaragua,  where  he  collected  about  20  specimens. 

A  critical  specimen  which  is  lost  was  identified  by  Goss  as 

AntlirocotJiorax  nigricollis.  The  northern  limit  of  that  humming- 

bird's known  distribution  is  in  central  Panama  (Wetmore,  1968: 
296).  The  Nicaraguan  specimen  was  from  Granada,  and  Goss 

stated  in  his  notes  that  it  "may  be  an  immature  [Anthrocothorax 
prevostii],  or  a  southern  race  of  that  species."  He  had  collected  an 
adult  male  A.  prevostii,  which  he  correctly  identified,  at  the  same 
place  only  one  day  earlier. 

Goss  identified  an  antbird  collected  at  "Los  Sabalos"  (which 
we  take  to  be  Sabalos  on  the  southern  shore  of  Lake  Nicaragua) 

as  Pyriglena  leucoptera.  This  is  undoubtedly  an  incorrect  identi- 
fication, but  the  specimen  is  no  longer  extant  so  we  cannot  determine 

what  it  was.  However,  the  two  specimens  from  Guatemala  (see 

earlier  comments)  which  Goss  called  /'.  Icucoplcra  are  GymnO- 
Cichla  nudiceps;  it  is  likely  that  the  Nicaraguan  specimen  belonged 
to  that  species  also. 

(  .'osta  Rica 

In    the    first    week    o|    January,    L890,    GOSS    collected    about   20 

pedmens    in    what    he    called    the   "San    Juan    Valley,    Costa    Hiea." 
W  e  cannot  determine  exactly  where  he  was  in  the  valley.  Just  prior 
to  'his  he  was  at  Sabalos,  Nicaragua.   Thus  his  specimens  may  have 
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been  from  the  western  end  of  the  valley  and  possibly  from  Nica- 
ragua rather  than  Costa  Rica.  However,  Goss  (in  litt.,  1889) 

stated:  "think  before  I  stop  [at  Greytown  on  the  Caribbean  coast, 
I]  shall  run  up  the  San  Juan  River  about  100  miles,  into  the  hills 

where  the  water  is  pure  and  the  climate  healthy,"  which  would be  in  Costa  Rica. 

At  least  one  specimen,  a  woodcreeper,  from  the  San  Juan  Valley 
is  noteworthy.  A  male  Xiphorhynchus  flavigaster  (K.U.  72296) 
was  taken  on  31  December  1889.  Goss  had  misidentifled  this  as 

X.  guttatus.  Slud  ( 1964 :  199 )  indicated  that  X.  flavigaster  nor- 
mally occurs  along  the  forested  slopes  of  the  Guanacaste  Cordillera, 

between  400  and  3,000  feet  above  sea  level,  but  that  once  he  had 
encountered  it  at  Los  Chiles  on  the  Caribbean  slope  just  south  of 
Lake  Nicaragua. 

Extinct  and  Endangered  Species 

In  1963,  Halm  listed  institutional  holdings  of  all  known  speci- 
mens of  various  extinct  and  endangered  bird  species.  His  desig- 

nation of  the  institutions  in  Topeka,  Kansas  (pp.  54-55),  is  some- 
what confusing,  but  in  fact  the  specimens  listed  are  those  that  were 

housed  at  the  State  Historical  Society's  Museum  and  at  Washburn 
University. 

As  a  result  of  the  events  described  herein,  the  present  status  of 
these  specimens  is  as  follows:  one  Passenger  Pigeon  (Ectopistes 
migratorius)  Kansas,  three  Eskimo  Curlews  (Numenius  borealis) 

two  Kansas  and  one  Texas,  one  Ivory-billed  Woodpecker*  (Cam- 
pephilus  principalis)  Arkansas,  and  two  Whooping  Cranes  (Grus 
americana)  Kansas,  have  been  added  to  The  University  of  Kansas 
Museum  of  Natural  History  holdings  (as  listed  by  Halm,  1963:  42). 

One  Carolina  Parakeet  (Comiropsis  carolinensis),  which  is  data- 
less,  is  still  at  Washburn  University;  lost  ( probably  in  the  tornado ) 

are  one  Ivory-billed  Woodpecker,  two  Whooping  Cranes,  and  two 
Passenger  Pigeons. 

The  two  Whooping  Crane  mounts  (a  male  and  female)  and 
one  Eskimo  Curlew  mount  (a  male)  have  been  sacrificed  so  we 
could  remove  the  skeletal  elements.  Skeletal  elements  for  these 

species,  especially  from  birds  of  known  sex,  are  rare  in  collections. 

Type  Specimens 

Goss  (1888)  described  as  new  species  two  forms  of  boobies. 
One  of  these  was  Sula  gossi,  now  known  to  be  a  synonym  of  S. 

nebouxii.  (Goss  erroneously  thought  that  his  friend  Robert  Ridg- 

way  had  already  formally  designated  the  form  as  "gossi"  but  that 
was  only  in  manuscript.)  The  second  was  Sula  hrcirstcri  (=S. 
leucogaster  brewsteri) .   Both  were  from  San  Pedro  Martir  Isle,  for 
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which  coordinates  have  been  given  earlier.  In  each  instance,  Goss's 
type  scries  consisted  of  a  male  and  female  mount  and  a  male  and 
female  study  skin.  All  specimens  are  extant;  the  four  skins  are  at 
the  U.  S.  National  Museum  ( Deignan,  1961:  18,  20)  and  the  four 
mounts  are  now  at  the  University  of  Kansas  Museum. 

The  syntypes  of  Sula  go.s-.s7  that  are  at  the  University  of  Kansas 
are  the  first  two  listed  in  Goss's  table  of  measurements  (1888: 
242),  a  female  (K.U.  71382)  and  a  male  (K.U.  71381),  respectively. 
The  third  set  of  measurements  is  from  the  female  skin  (USNM 

113435)  and  the  fourth  from  the  male  skin  (USNM  113434).  Rich- 
ard Zusi,  Curator  of  Birds  at  the  U.  S.  National  Museum,  has  told 

us  (pers.  comm.)  that  both  the  USNM  catalogue  and  the  speci- 

men label  indicate  that  the  male  (USNM  113434)  is  the  "type" 
( =lectotype).  However,  we  can  find  no  place  in  the  literature 

where  a  lectotype  was  designated  from  the  type  series.  It  is  possi- 
ble that  Ridgway  (or  some  other  person)  intended  to  designate 

this  specimen  as  the  lectotype  but  failed  to  do  so. 

The  four  specimens  of  Sula  brewsteri  listed  in  Goss's  table  of 
measurements  (1888:  243)  are  a  male  (K.U.  71383),  a  female  (K.U. 
71384),  a  male  (USNM  113436),  and  a  female  (USNM  113437), 
respectively.  Ridgway  (1897:  597)  designated  USNM  113436  as 
the  lectotype  of  S.  brewsteri.  Friedmann  et  al.  (1950:  23)  were 
mistaken  in  stating  that  the  type  of  S.  leucogaster  J)rewsteri  was 
at  the  University  of  Kansas;  at  that  time  none  of  the  specimens 
was  so  located,  although  two  paralectotypes  now  are. 

There  are  several  errors  concerning  the  published  measure- 
ments of  the  lectotype  and  paralectotypes  of  S.  brewsteri.  Ridg- 

way's  measurements  (1897:  598)  are  not  the  same  as  those  given 
by  Goss  (1888:  243)  for  either  the  male  or  female  skins.  Ridgway 
clearly  gave  incorrect  measurements  for  the  lectotype,  a  male.  The 
measurements  he  listed  are  identical  to  those  he  gave  for  -the 
female  in  his  very  next  paragraph,  although  Goss  (1888:  243) 

stated  that  "the  females  in  all  cases  were  the  largest."  Furthermore, 
there  arc  three  measurements  published  by  Goss  that  are  different 
I  mill  those  listed  in  his  own  catalogue.  The  catalogue  (which  gives 

fresh  measurements"),  reading  down  in  the  same  order  as  Goss's 
publication,  gives  "stretch  of  wing"  figures  of  56.50,  5.9  00,  56.50, 
and  59.50  inches;  and  "wing"  measurements  of  14.35,  15.60,  14.40, 
and  L5.60  (  discrepancies  italicized  ) . 

\ck\ow  i.i.dcmia  is 

We  arc  deeply   Indebted   t<>  Mr.   Edgar  Langsdorf,   Executive 
Director  ol  the  Kansas  State  Historical  Society,  and  Mr.  Mark  A. 

Hunt.    Assistant    Director   of    the    Society's    Museum    whose    efforts 
made  the  transfer  of  the  Goss  Collection  possible.    Likewise,  Dr. 
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Donald  R.  Boyer,  Professor  of  Biology  at  Washburn  University, 
cooperated  effectively  in  the  matters  of  study  and  transfer  of  the 
specimens  in  his  care.  A  considerable  number  of  persons  at  The 
University  of  Kansas  Museum  of  Natural  History  assisted  in  various 
degrees  in  moving  the  specimens;  Mr.  Robert  R.  Patterson  deserves 
special  thanks  for  his  managing  the  logistics  of  the  move. 

Dr.  Donald  W.  Janes,  at  the  University  of  Southern  Colorado, 

was  most  helpful  in  answering  our  questions  about  archival  ma- 
terial regarding  N.  S.  Goss,  and  Mr.  Lewis  Armstrong,  Curator  of 

the  University  of  Kansas's  Map  Collection,  provided  much  as- 
sistance to  us,  Dr.  Merlin  D.  Tuttle,  of  the  Milwaukee  Public 

Museum,  wrote  to  us  about  the  egg  collection  at  that  museum. 
We  especially  burdened  Dr.  Richard  Zusi  with  questions  about 
the  Goss  materials  now  under  his  care  at  the  U.  S.  National  Mu- 

seum and  thank  him  for  his  assistance. 

Mr.  and  Mrs.  Robert  T.  Drake  ( Martha  Swan  Drake  is  a  grand- 
niece  of  N.  S.  Goss),  of  Winnetka,  Illinois,  donated  to  The  Uni- 

versity of  Kansas  all  of  the  letters,  diaries,  and  other  documents 
in  their  care  which  relate  to  the  Goss  family.  These  now  reside  in 
Spencer  Library  as  a  part  of  The  Kansas  Collection.  All  persons 
interested  in  the  early  history  of  Kansas  owe  a  large  debt  of  grati- 

tude to  Mr.  and  Mrs.  Drake. 

Finally,  we  wish  to  thank  Mr.  Eugene  Eisenmann,  of  the 
American  Museum  of  Natural  History,  and  Dr.  Kenneth  C.  Parkes, 
of  the  Carnegie  Museum,  for  their  careful  reading  of  the  MS  of 
this  paper  and  their  many  helpful  suggestions  for  its  improvement. 

Taxidermic  work  on  the  specimens  and  storage  of  them  at  The 

University  of  Kansas  are  made  possible  by  National  Science  Foun- 
dation grant  number  DEB78-04832. 
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F.  Johnston1 ABSTRACT 

The  habitat  profile,  which  is  based  on  ten  quantitative  vegetational  varia- 
bles of  an  area  0.1  acre  (0.04  hectare)  in  size,  has  become  a  standard  for 

descriptive  and  comparative  studies  of  avian  ecology.  The  technique  was  used 
to  gather  information  on  habitat  structure  of  avian  species  of  woodland  and 
associated  plant  communities  in  eastern  Kansas  in  1976  and  1977.  Because 

precipitation  was  greater  in  1977  than  1976  and  because  field  work  in  wood- 
lands was  proportionately  more  in  1977  than  in  1976,  the  possibility  that  the 

two  seasonal  data  sets  were  not  wholly  commensurable  was  examined.  Uni- 
variate and  multivariate  statistical  techniques  were  employed  to  seek  differ- 

ences and  similarities. 

In  spite  of  the  seasonal  and  experimental  perturbations  the  two  data  sets 
proved  to  be  statistically  homogeneous.  The  technique  is  thus  judged  to  be 
robust;  it  is  not  likely  to  generate  two  different  data  sets  from  one  avian 

community  subject  only  to  seasonal  and  experimental  variation.  (Avian  com- 
munities; woodland  habitats;  eastern  Kansas;  principal  component,  discrimi- 

nant, and  cluster  analytic  techniques. ) 

One  of  the  most  useful  techniques  for  the  objective  study  of 
habitats  of  birds  is  that  of  the  habitat  profile  (James,  1971). 
At  one  level  the  routine  can  be  employed  to  describe  important 
aspects  of  structural  habitat  for  birds,  and  at  another  the  data  tan 

be  used  in  a  comparative  or  analytical  way  (Whitmore,  1975;  John- 
ston, 1977).  The  degree  to  which  the  technique  can  be  used  re- 
liably between  seasons,  or  localities,  has  not  yet  been  thoroughly 

explored,  however.    The  present  report   is  a   contribution   toward 

1  Museum  of  Natural  History  and  Department  ol  Systematics  and  Ecology. 
The  University  of  Kansas,  Lawrence,  KS  66045. 
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assessing  replicatability  at  one  locality  between  successive  years, 
based  on  a  deliberate  sampling  perturbation. 

The  technique  was  employed  at  The  University  of  Kansas 
Nelson  Experimental  Area  in  documenting  habitat  relationships  of 
woodland  breeding  birds  in  1976  and  1977.  In  1976  353  records 

of  structural  habitat  were  obtained  on  35  speeies  of  birds.  The  rec- 
ords were  compiled  in  the  order  in  which  we  encountered  the  birds 

in  the  field.  Xo  individual  was  omitted  as  a  source  of  data,  no 

individual  was  preferentially  sought  for  any  reason,  and  59%  were 
woodland  birds.  In  1977  213  records  were  taken  on  39  species  of 
birds;  the  species  of  woodland  habitats  were  expressly  sought, 
and  some  individuals  were  stalked  for  long  periods  of  time  before 
a  profile  was  secured;  63%  of  the  sample  was  of  woodland  birds. 
Many  individuals  of  common  woodland  birds,  as  well  as  those  of 
edge  and  grassland  habitats,  were  passed  over  in  the  course  of 
searching  for  the  less  common  woodland  species. 

The  two  field  sessions  were  therefore  different  in  their  cm- 
phases,  allowing  the  possibility  that  the  two  data  sets  might  be 

sufficiently  different  from  one  another  to  preclude  their  amalgama- 
tion in  the  simple  way  that  had  been  planned.  The  studies  de- 

scribed briefly  beyond  were  undertaken  to  determine  whether  (and 
then  how)  the  data  sets  showed  significant  differences  from  one 
another. 

Matehials  and  Methods 

Basic  data  matrices. — Ten  variables  of  vegetational  structure 
within  a  0.1  acre  (0.04  ha)  plot  defined  by  an  individual  bird  were 
recorded  in  both  field  sessions.  The  variables  (Table  1)  are  mostly 

ol  the  woody  vegetation,  since  its  character  determines  the  physi- 
ognomy of  the  whole. 

Localities  ami  dales. — Most  records  were  obtained  from  field 

work  at  the  Nelson  Environmental  Study  Area,  S  miles  NE  Law- 
rence, in  Jefferson  County,  Kansas.  Woody  vegetation  occurs 

chiefly  in  ravines  and  along  watercourses.  Red  oak  is  the  most 
abundant  tree  species,  but  there  are  some  20  species  that  are  fairly 

regular  in  occurrence  (Johnston,  1977).  Woodlands  are  sur- 

rounded by  prairie  grasslands  or  agricultural  fields,  and  join  these1 
characteristically  with  a  shrubby  edge  dominated  by  a  dogwood 
Cornus  drummondii)    and   a   great   number  ol    saplings  ol    the 

dominant   tree  species.     Data  were  recorded  Ironi  4  June  to  2  July 
L978  and  from    13  June  to  6  July    1977. 

\  ariation  in  sampling  effort. —  The  sampling  technique  was  em- 
ployed invariantly  in  the  tWO  year  period,  but  the  choice  ol   species 

sampled  differed.    In   1976  we  secured  a  habitat  profile  on  every 

individual  bird  we  sighted  in  the  course  ol  a  day's  field  work.   In 
L977  we  tended  to  ignore  coi   on  species,  especially  (hose  of  edge 
habitats    and  concentrated  <>n  the  less  coi   on  species  of  wood- 
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Table  1. — Importance  of  Variables  Defining  Factor  I  in  Principal  Component 
Analyses  of  Habitat  Data  ( Nelson  Experimental  Area,  1976  and  1977 ) . 

Factor  Loadings 

Variables  1976-  1977:; 

Per  Cent  Ground  Cover     -.377  -.561 
Number  of  Shrub  Stems     -.347  -.409 
Number  of  Tree  Species            .908  .908 
Per  Cent  Canopy  Cover          .831  .940 
Canopy  Height          822  .906 

Number  of  Trees  3-6"  DBH1        .711  .660 
Number  of  Trees  6-9"  DBH        .791  .692 
Number  of  Trees  9-12"  DBH        .708  .647 
Number  of  Trees  12-15"  DBH        .534  .588 
Number  of  Trees  15"  or  More  DBH        .408  .519 

1  DBH  means  diameter  at  breast  height. 
2 IV  =  353. 
3N  =  213. 

land  habitats  (such  as  red-eyed  vireo,  parula  warbler,  and  wood 
thrush ) . 

Variation  in  the  avifauna. — Composition  of  the  avifauna  of  the 
Nelson  area,  including  species  of  woodland,  edge,  and  grassland, 
was  nearly  the  same  between  the  two  years.  The  woodland  spe- 

cies were  markedly  similar  (Table  2)  and  achieved  very  high 
between-year  Spearman  rank-order  correlation  coefficients,  in 
which  both  occurrence  and  relative  abundance  were  assessed.  This 

is,  however,  not  particularly  surprising,  for  woodlands  as  distant 
as  those  of  northeastern  Arkansas  have  avifaunas  that  achieve  a 

rank-order  correlation  of  rs  =  0.908  with  those  of  woodlands  in 
eastern  Kansas. 

Variation  in  climate. — Northeastern  Kansas  receives  an  average 

of  35"  of  precipitation  per  year.  In  1976  the  total  was  23",  and 
this  was  the  second  consecutive  dry  year.  In  1977  the  total  was 

51".  Rainfall  totals  for  June  are  similar  in  the  two  years,  but  the 
great  difference  in  over-all  rainfall  regimes  was  enough  to  make 
all  woodland  habitats  wetter  in  1977,  than  in  1976.  Also,  a  killing 
frost  in  early  May,  1976,  caused  shagbark  hickory,  black  walnut, 
and  sycamore  trees  to  lose  their  leaves.  New  foliage1  was  not 
wholly  in  place  for  sycamores  until  July,  and  tree  canopies  were1 
not  so  complete  in  1976  as  1977. 

Biometrical  notes. — The  comparisons  between  the  two  samples 
are  by  means  of  principal  component  analysis  (PCA),  multiple 
discriminant  analysis  (MDA)  (Cooley  and  Lohnes,  1971;  Black- 
ith  and  Reyment,  1971),  and  cluster  analysis  (Sneath  and  Sokal, 
1973).  With  PCA  the  records  lor  each  year  are  processed  inde- 

pendently for  each  sample.  The  contributions  of  each  variable 
to  the  first  new  axis,  and  the  per  cent  of  the  trace  of  variance 
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Tabu    2, — Abundance  of  Woodland  Rirds  in  the  Nelson   Experimental  Area 
in  1976  and  1977. 

Number  of  Pairs 
Species  1976  1977 

Brown-headed  Cow  bird.  Molothrus  ater         33  26 
Bine  Jay,  Cyanocitta  cristate                        .....    20  21 
Yellow -hilled  Cuckoo,  Coccyzus  americanus  16  21 
Cardinal,  Cardinalis  cardinalis         16  20 
Red-bellied  Woodpecker,  Centurus  carolinus     16  13 
Black-capped  Chickadee,  Pants  atricapillus  17  11 
Tufted  Titmouse.  Varus  bicolor    16  9 
Northern  Oriole,   Icterus  galbula          13  9 
White-breasted  Nuthatch,  Sitta  carolinensis   .    6  14 
Eastern  Wood  Pewee,  Contopus  circus    10  7 
Downy  Woodpecker,  Picoides  pubescens                             ....  4  13 
Kentucky  Warbler,  Oporornis  formosus  11  4 
Crested  Flycatcher,  Myiarchus  crinitus       ...  5  9 
Mourning  Dove,  Zenaidura  macroura      7  6 
Wood  Thrush,  Hylociclda  mustelina      4  7 
Rose-breasted  Grosbeak.  Pheucticus  ludovicianus  6  4 
Rufous-sided  Towhee,  Pipilo  erythopthalmus  3  7 
Red-headed  Woodpecker,  Mclanerpes  erythrocephalus  2  6 
Scarlet  Tanager,  Piranga  olivacea  3  5 
Red-eyed  Vireo,  Vireo  olivaceus       2  3 
Parula   Warbler,   Panda  amcricana  1  1 
Red-tailed  Hawk,  Bitteo  jamaicensis  1  1 
Hairy  Woodpecker,   Picoides  villosus    0  2 
Carolina  Wren.  Thryothorus  ludovicianus  1  0 
American  Robin,  Tardus  migratorius  0  1 

SPECIES  TOTAL  23  2  1 

represented  in  the  first  three  axes,  are  assessed.  With  MDA  the 

total  records  of  individuals  or  of  species  for  each  year  compose  the 
input  sets  to  he  discriminated;  the  level  of  discrimination  can  be 

judged  by  means  of  the  Mahalanobis  distance  statistic.  Similar 

assessments  lor  individual  species  provide  additional  information 

'mi  degree  <>l  between-year  similarity.  (Muster  analysis  was  used 
firstly  to  test  the  degree  to  which  grassland  and  woodland  species 
could  be  separated  from  one  another,  and  secondly,  the  degree  to 
which  data  lor  1977  resembled  those  For  1976. 

Results 

Component  analysis  of  lite  records. — Table  1  presents  the  factor 

loadings  oi  the  ten  variables  onto  the  first  principal  component  <>i 
variation  over  all  specimen  records  for  each  ol  the  yearly  data  sets. 

Note  the  contrasl  in  signs  ol  the  herbaceous  and  shrub  variables 

with  those  ol  the  tree  variables  is  lound  in  both  samples.  Table  3 

shows  the  similarity  between    1976  and    1977  in  information  present 
in  PCs  I  III. 
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Table  3. — Information  Content  of  The  First  Three  New  Axes  of  Variation  in 
Principal  Component  Analyses   of  Habitat   Data    (Nelson   Experimental   Area, 

1976  and  1977). 

Per  Cent  of  Trace  of  Variance 

Axis  19761  1977- 

Principal  Component  I                45.4  49.6 
Principal  Component  II           11.4  17.7 
Principal  Component  III              9.6  8.7 

Total:    I  +  II  +  III        66.4  71.0 

W  =  353. 
ZN  =  213. 

Discriminant  analysis  of  the  records. — If  all  habitat  records  for 
each  year  of  study  are  used,  with  all  ten  habitat  variables  employed 
as  discriminators,  the  set  for  1976  cannot  be  reliably  distinguished 
from  that  for  1977  (Table  4).  On  the  order  of  64%  of  the  records 
can  be  correctly  classified  back  to  input  groups,  which  is  only  14% 
more  than  that  obtainable  at  random.  The  centroids  of  the  two 

groups  of  records  are  separated  by  four  variables,  but  the  distance 

between  the  two  is  D-  =  0.52  (n.s.). 
If  records  for  species  for  which  at  least  four  profiles  were  ac- 

cumulated are  used  to  obtain  mean  values  for  their  character-states, 
some  21  species  may  be  used  in  a  two-group  discriminant  analysis 
(Table  5).  Around  69%  of  these  species  can  be  correctly  classified 
back  to  input  groups,  but  the  distance  between  the  centroids  in 

this  case  is  still  small:   D-  =  1.0  (n.s.). 
Use  of  individual  species  does  not  increase  the  degree  to  which 

the  yearly  samples  can  be  differentiated  from  each  other  ( Table  6 ) . 
The  Bell  vireo,  Vireo  belli,  a  grassland  species  for  which  yearly 
differences  in  habitat  or  techniques  of  recording  variables  should 

be  minimal,  proves  to  have  the  two  yearly  samples  in  fact  in- 
separable.  The  same  is  true  for  the  Brown-headed  cowbird,  Molo- 

Table  4. — Classification   Analysis   of   Utilized   Habitat   of  562    Individuals   of 

Birds  (Nelson  Experimental  Area,  1976  and  1977 ).' 

Original 
Input  Group 

Number  of  Individuals 

Classified  into  Year  Samples 
1976                1977 

Per  Cent 
Correct 

1976         
1977      

212                  141 
        68                 145 

60.1 

68.1 

1  After  entry  number  four  of  a  stepwise  classification  analysis  using  ten 
quantitative  habitat  variables  as  discriminators;  the  F-ratio  of  the  [/-statistic 
is  F  =  16.62  (d.f.  4  and  561);  the  variables  entering  arc  trees  larger  than 

15"  DBH,  per  cent  canopy  cover,  per  cent  ground  cover,  and  number  ol  tree 
species.  Mahalanobis  distance  between  the  centroids  of  the  groups  for  1976 

and  1977  is  D'  -  0.52  (n.s.). 
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thrus  (iter,  a  species  that  can  be  found  in  every  subtype  of  habitat 
in  which  records  were  taken.  Records  for  the  wood  thrush.  Ilt/- 
locichla  mustelina,  a  woodland  species,  prove  to  be  more  nearly 
different  in  the  two  years,  but  the  distance  between  the  yearly 

controids  is  D-  =  2.16  (n.S.).  It  is  worth  noting  that  differences 
between  years  For  the  wood  thrush  data  approach  the  significant, 

and  the  quality  of"  woodland  habitat  was  likely  to  have  been  in- 
volved: wood  thrushes  were  found  in  some  places  in  1977  that 

were  too  dry  for  them  in  1976. 

Cluster  analysis. — Relational  tree  diagrams  provide  less  rigorous 
assessments  of  relationships  than  their  antecedent  similarity  ma- 

trices (or  than  a  PC  analysis),  but  the  information  is  presented  in 
a  visual  fashion  heuristically  useful  for  our  purposes.  In  the  present 
assessments  the  cluster  elements  are  bird  species  and  the  variables 

are  the  ten  quantitative  vegetational  characters.  Both  correlation 
and  distance  matrices  for  each  of  the  sets  for  1976  and  1977  were 

computed,  and  six  clustering  algorithms  were  employed  to  depict 
the  relationships  between  species  in  each  sample. 

In  each  yearly  sample  distance  matrices  summarized  relation- 
ships more  adequately  than  correlation  matrices,  judged  by  the 

degree  to  which  grassland  species  clustered  with  grassland  species 

and  woodland  with  woodland  species.  And.  for  both  yearly  sam- 

ples the  unweighted  pair-group  method  of  clustering,  using  arith- 
metic averages  (UPGMA),  had  the  largest  cophenetic  correlation 

coefficient  of  the  tree  diagram  back  to  the  distance  matrix. 

The  minimum  number  of  species  to  be1  clustered  was  dictated 
by  sample  sizes  for  the  sample  from  1977;  there  are  21  species 
with  at  least  four  habitat  profiles  for  1977.  and  these  21  were 

matched  by  the  same  species  in  the  data  set  for  1976.  The  tree  dia- 
grams are  depicted  in  figs.  1  and  2.  As  can  be  seen  immediately, 

there  are  two  major  clusters  in  each  ol  the  diagrams — one  for 
grassland  species  and  the  other  for  woodland  (  plus  edge)  species. 

The   only   species   that   shows   inconstancy   between   years   is   the 

Table  5. — Classification  Analysis  <>l   Utilized   Habitat   ol    Twenty-one  Speeies 

ol  Birds  (Nelson  Experimental  Area,  1976  and  1977). ' 

Number  ol  Species 
( JiiL'inal  <  classified  into  Year  Samples  Per  <  lent 

Input  Group  1976  1977  Correct 

\')-(i  I.!  h'  71 
L977  7  ll  (>7 

\li- i   entrj    number  two  ol   a   stepwise  classification   analysis   using   ten 
quantitative  lial.iiat  variables  as  discriminators;   the  F-ratio  <>l   the  [/-statistic 
i  It.  2  and   39);   the  variables  entering  are  canopy  cover  and 

numbei   ol   trees    1-2"  I  ">"   Mill.    Mahalanobis  distance  between   the  centroids 
"I  the  groups  for  L976  and  l')77  is  I)        l.o  |  n.s. ). 



REPLICATION  OF  HABITAT  PROFILES  FOR  BIRDS  7 

Table  6. — Classification  Analysis  of  Utilized  Habitat  of  Three  Species  of  Birds 
(Nelson  Experimental  Area,  1976  and  1977). 

Number  of  Individuals 

Original  Classified  into  Year  Samples   Per  Cent 
Input  Groups  1976  1977  Correct 

Wood  Thrush1 
1976  _   _■             6  0  100 
1977              5  8  61.5 

Bell  Vireo           ....  0 

Brown-headed  Cowbird            ..._  ... .  0 

1  After  entry  number  1  of  a  stepwise  classification  analysis  using  ten  quanti- 
tative variables  of  habitat  as  discriminators;  the  F-ratio  of  the  [/-statistic  is 

F  =  8.39  ( d.f .  1  and  17);  the  variable  entering  is  per  cent  of  ground  cover. 

Mahalanobis  distance  between  the  two  samples  is  D"  i=2.16  (n.s. ). 

brown-headed   cowbird,    about   which   there    are    some    comments 
beyond. 

The  horizontal  scale  of  distance  coefficients  is  in  each  instance 

most  statistically  valid  toward  the  right-hand  side  of  the  diagram 
(Sneath  and  Sokal,  1973);  relationships  defined  by  large  ̂ -values 
are  appreciably  less  precise  than  small  ones. 

Discussion 

The  replication  described  here  is  imperfect  or  suboptimal  in 

that  two  sources  of  variation — between  yearly  summer  climate  and 

between  yearly  sampling  effort — are  included  and  therefore  pos- 
sibly confounded.  Having  noted  this,  we  are  nevertheless  forced 

to  conclude  that  the  imperfection  is  of  little  consequence:  there 
are  virtually  no  significant  differences  between  the  samples. 

PC  Analysis. — The  contrast  in  signs  of  the  factor  loadings  pre- 
sented in  Table  1  identifies  a  simple  ecological  pattern — the  amount 

or  density  of  ground  cover  varies  inversely  with  the  amount  or 
density  of  trees  and  the  arboreal  canopy.  It  is  important  that  this 
relationship  is  evident  in  the  two  samples,  because  something  as 
basic  as  this  inversity  should  be  reflected  in  the  habitat  data.  The 

degree  to  which  the  yearly  samples  parallel  each  other  is  also 
important;  the  factor  loadings  for  each  year  have  a  Spearman  rank 
correlation  coefficient  of  rs  =  0.988  (P  <<  0.01). 

The  information  content  of  the  first  three  components  of  varia- 

tion is  likewise  similar  between  years,  and  the  difference  of  "v, 
greater  trace  for  the  data  from  1977  is  in  the  expected  direction. 

If  a  data  set  is  more  rather  than  less  homogeneous,  a  greater  pro- 
portion of  its  variation  should  appear  in  PC  I;  as  was  noted  above, 

the  data  from  1977  had  a  more  homogeneous  source  than  those 
from  1976.  Even  so,  the  difference  in  trace  of  variation  over  the 

first  three  components   is  not  significant  between   years. 

Discriminant  Analysis. — The  yearly  samples  are  impossible  to 
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Fig.  1. — Tree  diagram  of  relationships  in  a  matrix  of  distance  coefficients 
based  on  ten  variables  of  structural  habitat  for  21  species  of  birds  sampled 
in  L976.  Abbreviations:  RBWP,  red-bellied  woodpecker;  CRFC,  crested  By- 
catcher;  RBGB,  rose-breasted  grosbeak;  PWEE,  eastern  wood  pewee;  ORIO, 
northern  oriole;  KYWB,  Kentucky  warbler;  WNUT,  white-breasted  nuthatch; 
WDTH,  wood  thrush;  SCTN.  starlet  tanager;  BJAY,  blue  jay;  SUTN,  sum- 

mer tanager;  REVR,  red-eyed  vireo;  CARD,  cardinal;  INBN,  indigo  bunting; 

BHCB,  brown-headed  cowbird;  BVIR,  Bell's  vireo;  YTHR,  northern  yellow- 
throat;  MLRK,  east, in  meadowlark;  FLSP,  field  sparrow;  DICK,  dickcissel; 
GRSP,  grasshopper  sparrow. 

distinguish  by  discriminant  analysis.  Tin's  is  one  of  the  most  im- 
portant findings,  for  discriminant  analysis  is  the  most  powerful 

analytic  technique  employed  in  the  present  study. 

Cluster  Analysis. — Of  the  clustering  algorithms  examined  in  the 
course  ol  the  study  the  unweighted  pair-group  method  provided 
tree  diagrams  having  the  highest  cophenetic  correlation  coefficients 
(  Pt  (  Sneath  and  Sokal,  1()78)  hack  to  the  species-by-species 

distance  matrix.  Generally,  the  weighted  pair-group  method  and 
the  unweighted  centroid  method  also  provided  high  CPCCs.   The 
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Fig.  2. — Tree  diagram  of  relationships  in  a  matrix  of  distance  coefficients 
based  on  ten  variables  of  structural  habitat  for  21  species  of  birds  sampled 
in  1977.   Abbreviations  as  in  legend  to  Fig.  1. 

poorest  fits  of  the  diagrams  back  to  the  matrices  were  found  using 

single-linkage  and  Spearman's  averaging  techniques. 
Most  of  the  clustering  techniques  agreed  in  placing  grassland 

species  together,  reasonably  well  apart  from  the  woodland  and 
edge  cluster,  and  the  only  exception  to  this  deserves  more  than 

passing  comment.  In  the  data  from  1976  the  brown-headed  cow- 
bird  joined  the  woodland  species,  pairing  with  the  edge-oriented 
indigo  bunting  and  joining  the  others  at  some  distance.  Yet,  in  the 
data  from  1977  the  cowbird  is  unequivocally  clustered  with  grass- 

land species.  The  habitat  characteristics  of  the  cowbird  are  notably 
labile  in  the  breeding  season  (e.g.,  Lowthcr  and  Johnston,  1978) 

and  have  been  earlier  examined  by  means  of  component  and  dis- 
criminant analyses  (Whitmore,  1975;  Johnston,  1977).  Thus,  the 

fact  that  cowbird  profiles  place  the  species  in  a  "woodland"  cate- 
gory in  1976  and  into  a  "grassland"  category  in  1977  is  merely 

another  comment  on  the  enormously  broad  habitat  capabilities  of 
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the  species.  However,  in  a  cluster  analysis  based  on  the  data  for 

both  years,  the  cowbird  joins  with  "edge"  species  (pairing  again 
with  the  indigo  bunting)  to  form  a  subcluster  in  the  grassland 

species  cluster.  This  is  approximately  how  one  would  have  pre- 
dicted the  cowbird  would  be  represented  in  such  a  cluster  analysis. 

Conclusions. — The  multivariate  techniques  used  here  to  assess 
the  degree  of  similarity  of  the  two  sets  of  data  have  provided  no 

basis  on  which  to  consider  the  samples  to  have  fundamental  dif- 
ferences from  one  another.  However,  two  of  the  variables  differed 

significantly  when  tested  by  t:  per  cent  ground  cover  (5%  more 
in  1976  profiles)  and  per  cent  canopy  cover  (9%  more  in  1976 
profiles)  showed  statistical  differences  at  the  0.01%  level.  These 

two  variables  play  an  important  part  in  providing  some  degree  of 
separation  of  the  samples  in  discriminant  analysis  (see  tables  4,  5, 
and  6),  but  the  samples  nevertheless  remain  similar. 

Habitat  profiles  thus  provide  information  about  habitat  struc- 
ture of  species  and  groups  of  species  in  a  robust  manner.  Neither 

differences  in  the  manner  in  which  profiles  are  secured  in -the 
course  of  field  work  nor  in  the  seasonal  occurrence  of  climatic 

variables  have  been  shown  to  affect  the  overall  similarity  of  the 
two  data  sets  here  examined.  It  is  clear  that  the  data  sets  comprise 

one  statistical  entity,  which  means  the  fact  that  they  were  assem- 

bled in  two  different  years  is  irrelevant.  The  most  important  ele- 
ment is,  therefore,  the  environmental  continuity  provided  by  the 

complex  deciduous  woodland  and  its  associated  marginal  commu- 
nities; the  system  is  a  buffer  against  radical  change.  Indeed,  de- 

partures from  habitat  equilibria  characteristic  of  the  birds  of  these 

communities  are  essentially  nonexistent. 
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MARMOTS  (MAMMALIA:  SCIURIDAE) 

By 

Robert  S.  Hoffmann,1  James  W.  Koeppl,1 
and  Charles  F.  Nadler  2 

Marmots  comprise  a  closely  related  Holarctic  genus  ( Marmota ) 
of  large  terrestrial  squirrels.  Considerable  controversy  exists  over 
the  number  of  species  contained  within  the  genus,  and  questions  of 
interspecific  relationships  are  unresolved.  Several  species  of  mar- 

mots inhabit  arctic  and  alpine  tundra,  and  to  a  lesser  extent  sub- 
arctic and  -alpine  habitats  on  both  sides  of  the  Bering  Strait,  in 

northeastern  Siberia  and  northwestern  North  America  (Fig.  1). 
These  amphiberingian  marmots  are  montane  species  primarily 
adapted  to  alpine  tundra  (Hoffman,  1974),  although  they  occur 
at  lower  elevations  (to  near  sea  level)  in  suitable  habitat  at  high 
latitudes  (Bee  and  Hall,  1956;  Cowan  and  Guiguet,  1956;  Kapi- 
tonov,  1960a,  1963). 

The  North  American  hoary  marmot  group,  as  defined  by  Howell 
(1915)  includes  three  allospecies.  M.  caligata  ( Eschscholtz,  1829) 
occurs  in  the  northern  and  central  Rocky  Mountains,  from  the 
Alaska  Peninsula,  Alaska  Range  and  White  Mountains  of  central 
Alaska  and  the  Ogilvie  Mountains  in  the  Yukon,  southward  to  the 
Beaverhead  and  Flint  Creek  Mountains  of  northwestern  Montana, 
and  the  Salmon  River  Mountains  of  central  Idaho  (Davis,  1939; 
Hoffmann,  et  al.,  1969;  Rausch,  1953;  Youngman,  1975);  it  also 
extends  south  in  the  Coast  Ranges  of  British  Columbia  and  Cascade 
Mountains  of  Washington  (Cowan  and  Guiguet,  1956;  Dalquest, 

1  Museum  of  Natural  History,  and  Department  of  Systematics  and  Ecology, 
The  University  of  Kansas,  Lawrence,  Kansas  66045,  U.  S.  A. 

2  Department  of  Medicine,  Northwestern  University  Medical  School,  303  E. 
Chicago  Avenue,  Chicago,  Illinois  60611,  U.  S.  A. 
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1948).  The  other  two  species,  M.  vancouverensis  and  M.  olympus, 
are  montane  isolates  whose  ranges  are  restricted  to  the  mountains 
of  Vancouver  Island  and  the  Olympic  Peninsula,  respectively  ( Fig. 
1).  The  only  other  marmot  in  this  region  is  the  woodchuck,  M. 
monax,  not  included  in  this  study,  whose  range  nearly  spans  the 
North  American  continent. 

The  black-capped  marmot  (M.  camtschatica  Pallas,  1821)  of 
Siberia  is  found  on  the  Kamchatka  Peninsula,  and  in  mountains 
east  of  the  Lena  River  as  far  south  and  west  as  Lake  Baikal 

(Bibikov,  1967;  Kapitonov,  1960a;  Zimina  and  Gerasimov,  1973). 
Marmota  caligata  and  M.  camtschatica  have  been  thought  closely 

related  (Bikhner',  1888;  Ellerman  and  Morrison-Scott,  1951;  Ognev, 
1947;  Rausch,  1953;  Wehrli,  1935 ) . 

Hall  and  Gilmore  (1934)  described  a  new  marmot  from  the 
Brooks  Range  of  northern  Alaska,  which  they  named  M.  caligata 

broweri.  They  commented:  ".  .  .  it  might  be  maintained  with 
some  justice  that  broweri  should  be  accorded  full  specific  rank._  .  .  . 
However,  we  think  it  probable  that  intergradation  will  be  found 

to  exist  between  M.  c.  broweri  and  M.  c.  caligata."  Rausch  ( 1953 ) 

Azimuthal  Equal-Area 
Projection 

DISTRIBUTION  OF 

AMPHIBERINGIAN  MARMOTS 

Ik;,  l. — Map  showing  distribution  of  tin-  amphiberingian  marmots,  Mar- 
mota camtschatica  and  M.  broweri  (hatched),  and  the  M.  caligata  group  (stip- 

pled). Approximate  ranges  of  presently  recognized  species  or  subspecies  are 
Indicated:  1 — M.  caligata,  2 — M.  c.  oxytona,  3 — M.  c.  okanagana,  4 — M.  c. 
mi  aria,  5 — M.  c  caacadensis,  6 — A/,  olympus,  7 — M.  vancouverensis,  8 — M.  c. 
raceyi.  After  Kapitonov  (1960),  Cowan  and  Guiguet  (1956),  Hoffmann  and 
Ptttfe  '  L988),  Rausch  (  1953),  and  our  data. 
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noted  that  the  range  of  broweri  was  not  known  to  meet  caligata  in 
Alaska,  but  suggested  the  taxa  might  intergrade  southwest  of  the 

Mackenzie  River  delta;  he  further  suggested  that  all  of  the  am- 
phiberingian  taxa  were  conspecific  with  M.  marmota. 

Later,  Rausch  and  Rausch  (1965)  decided  broweri  and  caligata 
were  distinct  species,  since  the  former  had  a  diploid  number  of  36 
chromosomes,  while  the  latter  had  42.  They  also  compared  the 
karyology,  ecology,  and  behavior  of  M.  broweri  with  M.  caligata 
and  M.  camtschatica,  as  well  as  other  members  of  the  genus 
(Rausch  and  Rausch,  1971),  and  concluded  M.  broweri  is  more 

closely  related  to  M.  caligata  than  to  M.  camtschatica:  ".  .  .  M. 
broweri  [is]  probably  a  relict  North  American  species  which  be- 

came established  in  the  Brooks  Range  during  pre-Wurm  time, 
rather  than  a  later  Pleistocene  invader  of  middle  Asian  derivation 

or,  ...  a  component  of  the  late  Pleistocene  Amphiberingian  fauna" 
(Rausch  and  Rausch,  op.  cit).  The  purpose  of  the  present  paper 
is  to  examine  the  relationships  of  M.  broweri,  M.  camtschatica,  and 
the  caligata  group  by  comparing  various  aspects  of  the  biology  of 
the  species,  with  emphasis  on  cranial  morphology. 

Materials  and  Methods 

Skins,  skulls  and  skeletons  from  719  specimens  of  the  five  species 
in  museum  collections  were  studied  (see  Acknowledgements,  and 

Specimens  Examined).  Twenty-four  cranial  and  four  external  body 
measurements,  were  taken  for  samples  of  each  of  the  named  taxa 
(Table  1).  Cranial  measurements  were  made  with  dial  calipers 

to  the  nearest  0.1  mm,  except  for  numbers  20-23,  which  were  made 
with  a  ruler  to  the  nearest  1  mm.  External  measurements  were 

transcribed  from  specimen  labels  when  available.  Age  variation 
was  minimized  by  utilizing  for  statistical  analyses  only  those  skulls 
which  possessed  fully  erupted  permanent  dentition,  and  in  which 

sagittal  crest  development  was  initiated.  The  tooth  eruption  cri- 
terion is  relatively  free  of  subjective  bias,  and  eliminated  all  mar- 

mots in  their  first  year  of  life  (juvenile).  The  second  criterion, 
although  more  subjective,  eliminated  yearling  marmots,  i.e.,  those 

in  their  second  year  (Petrov,  1961;  Poole,  1950).  Some  measure- 
ments were  less  precise  than  others,  but  were  employed  to  assess 

variation  in  particular  aspects  of  skull  size  or  shape.  Examples  of 

measurements  of  lower  precision  are  sagittal  crest  length,  tym- 
panic bulla  width  and  length,  and  anterior  and  posterior  profile 

indices.  Examples  of  precise  measurements  are  interorbital  width, 

zygomatic  width,  occipital  height,  mastoid  breadth,  and  condylo- 
basal  length.  Measurements  were  chosen  because  they  had  been 
employed  in  previous  studies  of  marmots  ( Fokanov,  1966;  Galkina, 
1962;   Howell,   1915),  thus  facilitating  comparison  with  previous 
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work,  or  because  they  might  permit  evaluation  of  certain  characters 
that  had  been  considered  of  systematic  significance;  i.e.,  degree  of 
flattening  of  cranium  (Rausch,  1953). 

All  computations  were  done  at  the  University  of  Kansas  Com- 

Table  1. — Definitions  of  cranial  and  external  body  measurements  employed. 

1.  Length    of   angular   process:     mid-point,    anterior    end    of    tooth    row    to 
posterior  end  of  angular  process. 

2.  Length    of   articular   process:     mid-point,    anterior   end   of   tooth    row   to 
posterior  end  of  articular  process. 

3.  Rostral  length:    premaxilla  to  masseteric  tubercule  surrounding  infraorbital 
foramen. 

4.  Rostral  width:    greatest  width  at  maxillary-premaxillary  suture. 

5.  "Foramen  magnum  width:    greatest  width  of  inside  diameter  of  foramen 
magnum. 

6.  "Foramen  magnum  height:    greatest  height  of  inside  diameter  of  foramen 
magnum. 

7.  "Interorbital    width:     least    width    across    frontals    anterior    to    postorbital 
processes. 

8.  "Postorbital  width:    least  width  across  constriction  beneath  and  posterior  to 
postorbital  processes. 

9.  "Sagittal  crest  length:     lambdoidal   crest  anterior   to  point  where   sagittal 
crest  bifurcates. 

10.  Tympanic   bulla   width:     greatest   width,   margin    of   auditory    meatus   to 
basioccipital  margin. 

11.  Tvmnanic  bulla  length:    greatest  antero-posterior  length. 
12.  Maxillary  tooth  row  length:    anterior  alveolar  margin  of  P3  to  posterior 

alveolar  margin  of  M3. 
13.  Zygomatic  width:    greatest  width  across  zygomata. 

14.  Nasal  length:    greatest  antero-posterior  length. 
15.  Postorbital    length:     posterior    margin    of    postorbital    processes    to    lamb- 

doidal crest. 

16.  Rostral  height:     greatest  height  at  premaxillary-maxillary  suture. 
17.  Maxillary  height:     midpoint,   alveolus  of  P4,   vertically  to   dorsal   surface 

of  frontal  at  supraorbital  notch. 
18.  Occipital  height:    ventral  surface  of  tympanic  bullae,  vertically  to  dorsal 

surface  of  sagitto-lambdoidal  crest  junction. 
19.  Mastoid  width:    greatest  Width  across  mastoid  processes. 
20.  Depression    of   nasals:     vertical    distance    from    plane   of   dorsal    surface   of 

Cranium  to  anterior  end  of  nasals. 

21.  Depression   ot    occiput:     vertical    distance   (mm    plane   of   dorsal    surface   of 
cranium  to  ventral  surface  of  occipital  condyles. 

22.  Anterior  profile   index:     vertical   distance  from   flat  surface  supporting   man- 
dibles to  anterior  end  of  nasals. 

23.  Posterior   profile    index:     vertical    distance    From    flat    surface   supporting 
mandibles  to  sagitto-lambdoidal  crest  junction. 

21.    Condylobasal  length:   premaxilla  to  occipital  condyles. 
25.   Total  length:   recorded  from  label. 

i  ail  length  i   recorded  from  label. 

27.  Body  length:    recorded  from  label,  or  calculated  l>>  subtracting  tail  length 
From   total  length. 

28.  Hind  foot  length:   recorded  from  label. 

not  measured  lor  some  specimens  at  tli<-  star!  of  the  study. 
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putation  Center  using  a  Honeywell  66/60  computer;  their  pro- 
grams, identified  by  acronyms  BMDP  (Dixon,  1975),  NTSYS- 

version  III,  and  SFA,  were  employed. 

Sometimes  an  individual's  sex  was  unknown  or  certain  skull 
characters  could  not  be  measured;  in  such  instances  we  estimated 
the  missing  data.  First  we  determined  unknown  sex.  Preliminary 
analysis  showed  significant  sexual  dimorphism  in  most  marmot 

groups  for  many  cranial  variables.  Hence,  we  lumped  approxi- 
mately equal  numbers  of  known  males  and  females  with  unknowns, 

and  estimated  missing  data  for  this  combined  sample  using  pro- 
gram SFA41D  which  uses  linear  regression  to  predict  missing  data 

with  the  variable  most  highly  correlated  with  the  missing  variable. 
These  estimates,  intermediate  between  males  and  females,  were 
then  input  as  a  temporary,  but  complete,  data  set  into  program 
BMDP7M,  a  discriminant  function  (DF)  program.  This  technique 
in  most  cases  separated  males  from  females.  Those  few  specimens 
which  could  not  be  assigned  to  a  sex  with  reasonable  confidence 
were  not  used  in  further  analysis. 

Having  determined  sex  of  all  individuals  in  the  sample,  we 

made  final  estimates  of  missing  character  data  for  each  sex  sepa- 
rately, again  using  SFA41D.  These  estimates  were  incorporated 

into  the  data  sets  for  analysis.  Analysis  of  sexual  dimorphism  was 
then  completed  with  a  series  of  additional  DF  analyses  using 
BMDP7M  on  the  complete  data  sets. 

To  study  geographic  variation  in  amphiberingian  marmots  and 
determine  groups  for  later  analysis,  we  would  have  preferred  to 
use  DF  analysis  on  individuals  from  defined  geographic  localities, 
but  because  sample  sizes  for  many  localities  were  inadequate,  this 
was  not  possible.  Moreover,  we  did  not  wish  at  the  outset  to  lump 

individuals  from  different  taxa  to  increase  sample  sizes.  We  there- 
fore employed  separate  principal  components  (PC)  analysis 

(BMDP4M)  and  UPGMA  cluster  analysis  (NTSYS)  on  centroids 
of  males  and  females  calculated  from  individuals  from  each  of  34 

localities  (Appendix  A),  reasoning  that  locality  centroids  would 
best  represent  typical  individuals  of  each  locality.  In  this  sort  of 

analysis,  groups  need  not  be  specified  and  even  a  locality  repre- 
sented by  a  single  individual  may  be  included.  To  determine  sys- 

tematic relationships  between  taxa  we  combined  locality  data 
based  on  results  of  the  PC  analysis  to  form  our  final  groups.  We 
performed  DF  analysis  using  BMDP7M  on  males,  females,  and 
combined  male  and  female  groups.  Group  centroid  discriminant 
scores  were  analyzed  using  UPGMA  cluster  analysis  (NTSYS). 

Beside  mensural  characters,  qualitative  characters  were  evalu- 
ated; these  included  shape  of  the  lachrymal  bone,  and  quality  of 

pelage.  Pelage  color  was  compared  by  reference  to  Ridgway 
(1912). 
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Tape  recordings  ( 3.5  ips )  made  by  R.  L.  Rausch  of  several  calls 
of  captive  male  and  female  M.  broweri  were  rendered  into  narrow 
band  audiospectrograms  using  a  Kay  sound  spectrograph. 

A  limited  number  of  blood  serum  samples  from  Marmota 
broweri  and  M.  caligata  were  available  for  comparison  with  two 

M.  olympus,  and  a  single  captive  M.  c.  camtschatica  made  avail- 
able courtesy  of  the  Institute  of  Cytology  and  Genetics,  Novosi- 

birsk, USSR.  These  were  examined  for  transferrin  (Tf),  albumin, 
and  leucine  amino  peptidase  (LAP),  using  the  electrophoretic 
methods  previously  utilized  in  biochemical  studies  of  the  related 
ground  squirrels  (Spermophilus)  (Nadler,  et  al.,  1974,  1975)  and 
prairie  dogs  (Cynomys)  (Pizzimenti,  1975). 

Results 

External  Morphology 

Pelage:  Adults. — Marmota  broweri,  M.  caligata  and  M.  cam- 
tschatica are  similar  in  general  appearance,  being  mostly  black  and 

white,  but  with  subtle  differences  in  pelage  color  and  pattern. 
Comparisons  are  of  fresh  pelages  except  where  noted. 

2. — Pelage  patterns  of  1 1 » « -  bead  and  neck  in  amphiberingian  marmots: 
a,   b,   M.   camtschatica   and  M.   broweri;   c,   d,  M.   caligata  and  M.   olympus. 
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The  black-capped  marmot,  M.  camtschatica,  is  named  for  the 
black  dorsal  surface  of  its  head,  which  runs  uninterrupted  from 
the  tip  of  the  nose  to  behind  the  ears,  and  laterally  to  the  level  of 
the  eyes  ( Fig.  2a,b ) ,  and  extends  back  along  the  neck  to  the  shoulder 
as  an  indistinct  line.  The  ear  is  sandy  to  orange,  sides  of  the  face 
sandy  yellow  intermingled  with  gray,  grading  into  orange  on  the 
throat;  lips  are  black.  The  dorsal  coloration  of  camtschatica  gives 
an  overall  appearance  of  black-and-white  or  black-and-buff.  This 
is  due  to  the  presence  of  three  distinct  bands  on  the  long,  soft, 
dorsal  guard  hairs;  dark  at  the  base,  light  in  the  middle,  and  dark 
again  at  the  tips  (see  Kapitonov,  1964).  The  anterior  dorsal  third 
of  the  body  is  lighter  just  behind  the  head,  becoming  darker  in 
overall  appearance  posteriorly,  and  with  dark  pelage  extending 
back  along  the  spine  to  the  base  of  the  tail.  Underlying  the  dorsal 
guard  hairs  is  a  shorter,  softer  underfur  or  wool,  mostly  dark,  but 
with  light  tips.  Ventral  guard  hairs  in  camtschatica  are  tawny  to 
rufous  in  color,  with  dark  bases  and  in  many  cases,  dark  tips; 
underfur  is  lacking  ventrally.  Feet  are  sandy  to  buff.  Tail  hairs 
are  tawny  in  the  middle,  becoming  darker  subterminally,  with 
lighter  tips. 

Geographic  variation  in  pelage  color  is  relatively  slight  in 

camtschatica  (Table  2).  Southwestern  populations  (M.  c.  doppel- 
mayeri)  from  the  Barguzin  Mountains  east  of  Lake  Baikal  are 
slightly  browner  on  the  cap  and  dorsal  guard  hair  tips,  and  become 
progressively  blacker  to  the  north  and  east  (M.  c.  bungei).  Darkest 
individuals  are  found  in  the  nominate  race  on  the  Kamchatka 

Peninsula.  The  middle  band  on  the  dorsal  guard  hairs  is  buff  in 

doppelmayeri,  becoming  lighter  in  bungei,  and  buff  again  in  cam- 
tschatica. Ventral  guard  hairs  tend  toward  tawny  in  doppelmayeri, 

and  are  more  rufous  in  bungei,  culminating  in  deep  chestnut  and 
bay  in  some  camtschatica. 

The  hoary  marmot  (M.  caligata)  while  it  is  also  largely  black- 
and-white  ( hence  its  name ) ,  differs  in  that  the  black  dorsal  surface 
of  the  head  is  more  restricted.  Anteriorly  it  is  replaced  by  a  white 
patch  of  variable  size  between  the  eyes  and  across  the  rostrum, 
sometimes  interrupted  by  a  small  black  spot  or  band;  the  tip  of 
the  nose  is  white  (Fig.  2c,d).  Black  of  the  cap  extends  posteriorly 
either  as  a  dark  patch  behind  the  ear,  or  as  an  indistinct  dark  band 
down  the  neck  to  the  shoulder  as  in  camtschatica.  Ears  are  also 

black  and  white,  and  this  grizzled  black  to  brown  extends  down 
the  sides  of  the  face,  becoming  rather  abruptly  nearly  white  just 
above  the  level  of  the  mouth;  both  lips  and  throat  are  whitish 
(Fig.  2c).  Dorsally,  M.  caligata  usually  appears  lighter  than  M. 
camtschatica,  although  this  is  subject  to  considerable  variation  geo- 

graphically. This  is  due  to  the  middle  band  of  the  tricolored  dorsal 
guard  hairs  being  relatively  wider,  and  the  dark  terminal  bands 
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Table  2. — Geographic  variation  in  pelage  color  of  the  black-capped  marmot, 
Marmota  camtschatica,  and  the  Brooks  Range  marmot,  M.  broweri. 

M.c. M.c. 

doppchnaijeri 
M .  c.  bungci camtschatica 

Dorsal  guard Aniline  Black Black Black 
hair  tip 

Dorsal  guard Light  Buff  to Ivory  to  White Warm  Buff;  Light 
hair  middle Cartridge  Buff Yellow Buff;  Ivory  Yellow; 

Cartridge  Buff 

Ventral  guard Sanford's  Brown Sanford's  Brown; Sanford's  Brown; 
hair to  Cinnamon Burnt  Sienna; Burnt  Sienna;  Tawny 

Cinnamon  Rufous 
Bay;  Ochraceous 
Tawny;  Chestnut 

M.  broweri: Chandler  Lake; 

"Pt.  Lay" Anaktuvuk  Pass Lake  Peters 

Dorsal  guard Aniline  Black Black Black 
hair  tip 

Dorsal  guard White  to  Cream White  to  Ivory White 
hair  middle Buff Yellow; 

Cartridge  Buff 
Ventral  guard Black Black Black 
hair  tip 

Ventral  guard White White White 
hair  middle 

being  relatively  narrower;  additionally,  some  of  the  dorsal  guard 
hairs  lack  dark  tips  entirely,  and  are  light  for  their  entire  length 

above  a  dark  base.  These  light-tipped  guard  hairs  are  particularly 
numerous  on  the  neck  and  across  the  shoulders  to  the  upper  back, 

giving  hoary  marmots  a  "mantled"  appearance.  Posteriorly,  these 
bicolored  light-tipped  guard  hairs,  and  the  light  middle  bands  of 
the  tricolored  ones,  become  buff  as  does  the  distal  portion  of  the 
underfur,  imparting  a  bud  cast  to  the  lower  back  and  rump. 

Undcrfur,  as  in  camtschatica,  is  dark  at  the  base,  and  light 
distally,  and  in  texture  is  fine  and  soft.  However,  guard  hairs  of 
caligata  arc  Longer  and  much  coarser  than  in  camtschatica  and  this 

imparts  a  "harshness"  to  the  pelage  in  marked  contrast  to  the  soft 
pelage  of  the  black-capped  marmot,  which  supports  an  important 
fur  industry  in  northeastern  Siberia  (Kapitonov,  1963).   Ventrally, 
Cdligata  is  sparsely  Furred,  and  guard  hairs  are  light,  with  no  trace 
oi  flic  ochraceous  color  seen  iii  camtschatica;  most  lack  dark  tips. 
Tail  hairs  arc  dark  basally,  light  in  the  middle,  and  with  a  (lark 
tip.  Another  difference  is  the  Mack  feet,  the  basis  of  the  specific 

epithel  cdligata — "booted." 
Geographic  variation  in  pelage  color  is  considerable  in  M.  ca- 

ligata  (Howell,  L915).  M.  c.  cdligata,  the  subspecies  occurring  in 
Alaska  closest  to  M.  broweri  and  to  Bering  Strait,  contains  popula- 
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tions  that  average  among  the  lighter  of  the  species.  Southward 

along  the  Rocky  Mountains,  oxytona  is  darker,  while  at  the  south- 
ern edge,  nivaria  is  again  light;  okanagana  is  intermediate  both 

geographically  and  in  color.  Southward  in  the  Coast  Range,  raceyi, 

a  blackish  subspecies,  is  apparently  isolated  from  caligata  or  oxy- 
tona, but  may  be  contiguous  southward  with  the  browner  cascaden- 

sis  in  the  Cascade  Mountains  of  Washington  (Fig.  1).  However 
the  pelage  patterns  described  above  are  found  in  all  subspecies. 

The  same  basic  pelage  pattern  is  also  found  in  M.  olympus. 

The  tendency  toward  brownish  dorsal  color,  seen  in  the  geographi- 
cally adjacent  M.  caligata  cascadensis,  is,  in  olympus,  more  pro- 

nounced. Very  little  pattern  can  be  noted  in  M.  Vancouver ensis, 

since  it  is  essentially  monochromatic — a  uniform  dark  brown  both 
dorsally  and  ventrally.  Its  relationship  to  the  caligata  pattern  is 

shown  by  scattered  white-tipped  guard  hairs  on  both  back  and 
belly,  by  the  white  lips,  and  white  patches  of  variable  size  on  nose, 

chin,  and  underparts.  Pelage  of  vancouverensis  should  be  inter- 
preted as  a  melanism  that  has  become  fixed  in  this  small,  isolated 

population.  Interestingly,  color  differs  from  that  of  melanic  indi- 
viduals of  M.  caligata,  which  are  blacker,  and  more  closely  ap- 

proaches that  of  melanic  M.  monax  and  especially  M.  caudata 

dichrous,  a  melanic  population  of  long-tailed  marmots  found  in 
northwestern  Afghanistan. 

Marmota  broweri  was  originally  described  as  "a  Marmot  of  the 
caligata  group  with  black  face  and  white  feet.  Remainder  of  col- 

oration essentially  as  in  Marmota  caligata  caligata  .  .  ."  (Hall  and 
Gilmore,  1934).  The  authors  correctly  pointed  out  differences  in 
face  and  foot  coloration  between  caligata  and  broweri,  but  glossed 
over  other  differences  to  be  discussed.  As  Rausch  (1953)  first 
noted,  pelage  of  broweri  is  soft,  rather  than  harsh  as  in  caligata. 

Moreover,  color  pattern  of  the  dorsal  guard  hairs  in  broweri — 
entirely  tricolored,  with  dark  basal,  light  medial,  and  dark  terminal 
bands — resembles  that  of  camtschatica  rather  than  caligata.  Feet 
are  lighter  than  in  caligata,  though  best  described  as  grizzled  or 

black-and-white  rather  than  "white"  (Rausch,  1953,  termed  them 
dark  gray).  The  facial  pattern  is  essentially  the  same  in  M.  cam- 

tschatica ( Fig.  2a,b ) .  The  buff  to  tawny  ears  contrast  with  the  black 
cap  and  sides  of  the  head,  though  not  to  the  degree  usually  seen 
in  camtschatica;  lips  are  also  black,  as  in  that  species,  and  there 
is  no  white  on  the  nose  or  muzzle.  Finally,  tail  hairs  are  tawny  to 
ochraceous,  becoming  darker  subterminally,  but  with  a  light  tip, 

giving  the  appearance  of  a  "white  apical  tip"  described  by  Bee 
and  Hall  (1956).  Overall,  according  to  R.  L.  Rausch  (pers. 

comm.),  adults  in  the  field  appear  tri-colored:  gray  anteriorly, 
black  in  mid-body,  and  red  on  the  rump  (see  below). 

Ventrally,  overall  color  of  M.  broweri  appears  dark  gray,  owing 
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to  the  combination  of  ventral  guard  hairs  with  dark  bases,  light 
middle  bands,  and  dark  tips.  This  overall  ventral  coloration  is  in 
sharp  contrast  to  the  ochraceous  color  seen  in  camtschatica,  and 

nearer  the  grayish-white  belly  of  M.  caligata.  However,  the  band- 
ing pattern  of  the  ventral  guard  hairs  is  alike  in  broweri  and 

camtschatica,  and  both  lack  the  "all-light"  guard  hairs  found  in 
caligata.  Moreover,  the  ventral  fur  is,  like  that  of  camtschatica, 

denser  than  in  caligata.  Geographic  variation  in  dorsal  color  ap- 
pears slight  from  western  to  eastern  ends  of  the  Brooks  Range  in 

the  few  specimens  available  (Table  2). 
A  final  point  concerning  pelage  color  requires  clarification. 

Hall  and  Gilmore  (1934)  originally  described  the  "greater  average 
tawniness  on  hinder  back  and  flanks"  of  broweri,  compared  to 
caligata,  and  Rausch  (1953)  described  the  rump  as  ranging  in  color 

"from  something  darker  than  Prout's  Brown  to  Warm  Buff,"  and 
the  tail  as  having  some  Cinnamon  Brown.  Bee  and  Hall  (1956) 

recognized  that  the  "reddish"  or  "cinnamon  color  on  the  hinder 
back  [was]  where  the  older  pelage  seems  still  to  be  in  place  as  it 

is  also  on  the  tail"  in  two  adults  captured  in  early  August.  This 
"redness"  is  due  to  dorsal  guard  hair  tips  fading  in  older  hairs, 
presumably  from  exposure  to  sun,  from  black  to  reddish-brown. 
Molt  is  initiated  in  early  to  mid-summer  (differentially  depending 
on  age  and  reproductive  activity;  see  Kapitonov,  1964)  on  lower 
back  or  rump,  and  spreads  anteriorly  and  ventrally  (Davis,  1966; 
Kapitonov,  op.  cit. ).  In  some  cases,  however,  pelage  on  the  rump, 
base  of  tail,  and  tail  is  not  replaced  during  the  annual  molt,  and 
persists  for  another  year  or  two  (Kapitonov,  op.  cit.).  Old,  faded 

reddish-brown  hair  tips  form  a  strong  contrast  throughout  the 
summer  to  new  black-tipped  dorsal  pelage  anteriorly  along  the 
back  in  both  M.  broweri  and  M.  camtschatica.  In  addition  to  the 

change  in  color,  this  old  hair  can  also  be  recognized  by  its  altered, 
coarser  texture.  The  number  of  unmolted,  faded  guard  hairs  in 

the  rump  pelage  probably  increases  with  age,  as  a  known-age  11- 
year-old  captive  male  was  redder  than  5-6  year-old  animals  (R. 
L.  Rausch,  pers.  comm.). 

Molt  in  M.  caligata  may  be  less  regular  than  in  camtschatica 
(Howell,  1915).  However,  in  this  species  group  also,  the  rump 
and  tail  may  retain  some  hairs.  These  old  hairs  also  fade,  but  to  a 

yellowish-brown,  or  in  (he  case  of  Vancouver ensis,  light  brown 
color  rather  than  reddish  or  cinnamon,  as  broweri  and  camtschatica. 

Pelage:  Juveniles. — Pelages  of  young  individuals,  since  they 
differ  from  those  of  adults,  may  also  serve  as  a  basis  for  comparing 
taxa.  Young  marmots  when  they  first  emerge  from  the  natal  bur- 

row dining  the  weaning  are  well-clothed  with  a  dense,  soft  and 
woolly  juvenile  pelage.  During  the  course  of  their  first  summer 
ol  life,  tins  is  gradually  replaced  by  a  second  pelage  which  is  longer 
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and  less  soft.  A  second  set  of  hairs  grow  up  through  the  first  juve- 
nile pelage,  some  of  which  is  shed  gradually  in  most  specimens 

(Kapitonov,  1964),  and  it  is  possible  arbitrarily  to  divide  juvenile 
pelages  into  three  stages,  here  termed  first,  second,  and  third 
juvenile  pelages  for  comparative  purposes. 

The  first  juvenile  pelage  in  M.  camtschatica  has  a  brownish- 
black  to  black  cap,  with  dorsal  guard  hair  tips  of  the  same  color. 

The  middle  band  of  the  dorsal  guard  hairs  is  Smoke-Gray  to 
Cartridge  Buff,  and  ventral  guard  hairs  are  near  Cinnamon  Rufous, 
as  are  the  lower  limbs,  feet,  and  ears.  The  distal  four-fifths  of  the 
tail  has  a  conspicuous  blackish  tip.  Juveniles  in  this  stage  usually 

have  deciduous  P3-P4,  p3-p4  and  Ml,  ml  in  place,  with  M2,  m2 
beginning  to  erupt. 

The  second  juvenile  pelage  is  a  transitional  one,  in  which  guard 
hairs  begin  to  be  shed  before  the  second  set  of  hairs  begins  to 

appear.  Relative  scarcity  of  black-tipped  dorsal  guard  hairs  ex- 

poses more  underfur,  producing  a  lighter,  "woollier"  appearance, 
but  the  basic  color  pattern  is  the  same.  Animals  in  this  transitional 
stage  have  M2  and  m2  partially  erupted,  but  M3  and  m3  either 
have  not  begun,  or  are  just  beginning,  to  erupt. 

The  third  juvenile  pelage  is  attained  when  the  second  set  of 
juvenile  hairs  grow  out  well  beyond  the  remaining  hairs  of  the 
first  set,  giving  the  juvenile  a  color  and  pattern  essentially  like  the 
adult.  A  notable  feature  is  the  loss  of  the  conspicuous  black  tail 
tip  of  the  first  juvenile  pelage,  which  is  replaced  by  long  tail  hairs 
that  are  black  subterminally,  but  orangish  on  the  tips.  Individuals 
in  this  stage  have  M3,  m3  in  eruption. 

Marmota  caligata  juveniles  appear  to  pass  through  the  same 

molt  pattern  as  other  marmots  (pers.  obs.;  Kapitonov,  1964).  No- 
table features  of  juvenile  pelages  are  the  white  facial  markings, 

black  feet,  lack  of  a  black  tail  tip,  and,  in  the  third  juvenile  pelage, 

white-tipped  guard  hairs.  The  considerable  variation  in  juvenile 
pelages  (light  to  dark),  in  general,  parallels  that  seen  in  adult 
pelages. 

Not  surprisingly,  juvenile  pelage  of  the  melanistic  M.  vancou- 
verensis  is  a  uniformly  dark  brown,  and  does  not  differ  from  adult 
coloration.  However,  in  M.  olympus,  the  third  juvenile  pelage  is 
unusual  in  that  it  has  not  yet  achieved  the  adult  pattern,  as  is 

found  in  all  other  species  in  the  genus.  The  light-tipped  guard 
hairs  so  typical  of  the  upper  back  in  third  juvenile  and  adult  pelage 

in  caligata  are  absent  in  olympus,  which  instead  more  nearly  re- 
semble the  third  juvenile  stage  seen  in  M.  monax  and  M.  flavi- 

ventris. 

Only  a  few  specimens  of  juvenile  M.  broweri  were  available. 
However,  in  black  cap  and  lack  of  white  facial  marking,  lack  of 
contrast  between  color  of  feet  and  belly,  and  some  indication  of  a 
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black  tip  on  the  tail,  they  more  closely  resemble  camtschatica  than 
caHgata.  Additionally,  ventral  guard  hairs  of  the  first  juvenile 
pelage  are  dark  basally,  Cartridge  Buff  to  Ivory  Yellow  medially, 
and  dark  at  the  tips.  The  pattern  is  the  same  found  in  camtscliatica, 
and  the  color  of  the  medial  band  deviates  from  that  of  adult 

broweri  in  the  direction  of  camtschatica.  In  contrast,  ventral  guard 
hairs  of  the  first  juvenile  pelage  in  M.  c.  caligata  are  mostly  all 
white  medially  and  distally,  with  few  having  black  tips  (this  varies 
geographically,  other  subspecies  having  a  higher  frequency  of 
blackish  or  brownish  tips  on  the  ventral  guard  hairs). 

Foot  Pad  Morphology. — Another  external  feature  that  may  serve 
to  distinguish  these  marmots  is  foot  pad  morphology.  All  marmots 
have  six  plantar  pads  on  the  hind  foot,  but  Marmota  caligata  and 
M.  olympus  (and  probably  vancouverensis)  appear  to  be  unique 
in  the  genus,  in  that  the  posterior  two  pads  are  both  nearly  circular 
in  shape  (Fig.  3a).  In  contrast,  the  posterior  pair  of  pads  on  the 
sole  of  M.  broweri  and  M.  camtschatica  are  both  elongated  (Fig. 
3b,  c).  The  anterior  four  pads  at  the  base  of  the  hind  toes  are 
similar  in  all  species.  This  character  is  difficult  to  evaluate  on 
dried  museum  skins,  but  it  does  not  seem  to  vary  much. 

Number  of  Mammae. — Moore  (1961),  in  his  survey  of  sciurid 
reproductive  characteristics,  described  various  species  of  Marmota 
as  having  four,  five,  or  six  pairs  of  mammae.    He   reported  M. 

a  d.  'dv     c. 
Fie.  3.     Morphology  of  plantar  pads  on  sole;  A,  M.  c.  caligata  (USNM, 

I  mi,,   Howell,   1915);  B,  M.  broweri  ( KU  50417);  C,  M.  camtschatica  bungei 
(UM  5415). 
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caligata  to  have  five  pair  (N=9);  of  36  M.  caligata  whose  mammae 
we  could  count  accurately,  31  had  five  pairs,  four  had  four  pairs 
plus  one  unpaired  teat,  and  one  possessed  only  four  pair.  One 
M.  olympus  had  five  pairs  of  mammae,  and  another,  four  pairs  plus 
one  unpaired  teat.  Of  six  lactating  adult  female  Vancouver ensis, 
one  had  four  pairs,  two  had  four  pairs  plus  one  unpaired,  and  three 
had  five  pairs  of  mammae.  On  the  other  hand,  about  half  of  the 
M.  camtschatica  had  five  pairs  (N=9),  while  the  remainder  had 
six  pairs  (N=8);  moreover,  five  of  those  with  five  pairs  had  an 
additional,  unpaired  supernumerary  teat.  Bee  and  Hall  (1956) 
report  five  pair  in  one  female  M.  broweri,  but  more  must  be  ex- 

amined before  the  mastology  of  this  species  is  determined. 

Body  Size  and  Proportions. — Among  the  amphiberingian  spe- 
cies, M.  camtschatica  is  of  average  size  overall,  with  mean  adult 

head-body  length  of  473.3  mm  for  males  (N=29)  and  458.4  mm 
for  females  (N=35)  (see  also  Kapitonov,  1963),  whereas  M. 
caligata  is  among  the  larger  with  males  averaging  499.8  (N=46) 

Table  3. — Body  size    (mean   ±   2   SEm)    and  proportion    (%)    in  the  black- 
capped  marmot,  Marmota  camtschatica,  and  the  hoary  marmot  group. 

M.  camtschatica 
Head-body Tail 

Tail /head- Locality, N length, mm. length 

,  mm. 

body, 

mean% 

Subspecies $ 2 $  $ 
5  9 

$  S 2  2 $  $ 2  2 

Barguzin  Mts.    1 1 470 440 150 140 

32 

32 

(M.  c.  doppelmayeri) 
Lena  River    21 22 460.0 438.5 133.3 124.6 28.4 28.1 

(M.  c.  bungei)    

+11.0 +11.4 
+6.0 +4.5 

Kamchatka  Pen.    8 12 508.1 496.3 162.4 153.4 
31.6 30.8 

( M.   c.   camtschatica ) ±27.1 ±16.1 ±15.3 ±11.1 

M.  caligata  group 
Head-body Tail 

Tail/head- N length, mm. length 

,  mm. 

body, 

mean  % 

$ 2 $  $ 2  2 
$  $ 

2  2 
$  $ 

2  2 

Alaska/Yukon      8 
14 490.0 469.9 212.4 178.3 42.9 37.7 

M.  c.  caligata    ±22.8 ±19.9 ±12.0 ±9.6 British   Columbia   17 
13 

505.9 493.6 199.8 205.5 
39.4 

41.6 

M.  c.  oxytona  .     ±24.8 ±18.8 ±10.7 ±10.2 
B.  C./Alberta    4 10 489.0 

±18.0 
481.2 

±8.6 

212.0 

±3.5 

210.0 

±5.4 

43.5 43.7 
M.  c.  okanagana    _ 
Montana      

15 
9 521.5 481.2 217.6 209.1 42.0 44.7 

M.  c.  nivaria  _._.     ±8.4 ±14.9 ±5.0 ±2.8 Cascade  Mts.   10 9 517.7 477.6 214.8 207.4 41.5 43.3 

M.  c.  cascadensis    ±11.4 ±15.7 ±11.0 ±13.8 
Vancouver  Island    5 5 482.0 480.4 202.0 205.6 42.0 42.8 

M.  vancoiwerensis   .... 
±9.7 ±14.6 

±2.0 ±11.2 
Olympic  Mts   -   6 8 536.2 514.0 212.5 191.0 

40.5 
40.6 

M.  olympus      ±15.6 ±31.1 ±3.2 ±5.9 



14  OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

and  females  479.3  (N=r48).  The  smallest  black-capped  marmots 

occur  in  the  southwestern  portion  of  the  species'  range,  east  of 
Lake  Baikal.  Populations  farther  east  and  north  are  progressively 
larger,  the  largest  occurring  on  the  Kamchatka  Peninsula  ( Tables  3, 
4)  and  equaling  caligata  in  size. 

Variation  in  head-body  size  of  M.  caligata  does  not  follow  such 
a  monotonic  cline  (Table  3).  Specimens  from  Alaska,  the  northern 
Yukon,  and  British  Columbia  (M.  c.  caligata)  are  relatively  small, 
while  to  the  south  (M.  c.  oxytona)  they  average  larger,  though 
variation  is  considerable.  Farther  south  still,  in  southern  British 
Columbia  and  Alberta,  Montana,  and  Idaho  (M.  c.  okanagana, 
M.  c.  nivaria  9  9  ),  size  decreases  once  again.  Coastal  populations 
(M.  c.  raceiji,  M.  c.  cascadensis,  M.  olympus)  are  large,  while 

island  populations  (M.  c.  vigilis,  M.  c.  sheldoni,  M.  vancouveren- 
sis)  are  small  (see  also  Howell,  1915).  Geographic  variation  in 
body  size  has  not  yet  been  related  to  environmental  factors  as  has 
been  done  with  the  related  prairie  dogs  (Cynomys)  (Pizzimenti, 
1975). 

Body  measurements  are  available  for  only  a  few  specimens, 
but  the  Brooks  Range  marmot  appears  to  be  small;  adult  male 

head-body  length  was  442.0±  6.0  mm  (N=9),  and  the  mean  for 
eight  adult  females  was  424.9 ±  8.7  mm.  Thus,  M.  broweri  is 

smaller  in  size  than  M.  camtschatica,  particularly  the  large  popu- 
lation geographically  closest  to  northern  Alaska  on  the  Kamchatka 

Peninsula  (M.  c.  camtschatica).  Adequate  sampling  will  probably 
show  broweri  to  be  about  the  same  size  as  smaller  populations  of 

black-capped  marmots.  Body  size  as  reflected  by  cranial  dimen- 
sions such  as  condylobasal  length,  also  shows  this  same  pattern  of 

geographic  and  interspecific  relationships  (Table  4). 

The  only  proportion  that  changes  much  between  marmot  spe- 
cies is  tail  length.  Marmota  camtschatica,  like  most  Old  World 

taxa,  is  fairly  short-tailed:  140.6  mm  for  males  and  133.9  mm  for 
females  (22  to  36%  of  individual  body  length).  M.  caligata, 

olympus,  and  Vancouver 'ensis  in  contrast  have  some  of  the  longest 
tails  in  the  genus  (Table  3),  206.2  mm  in  males  and  196.4  mm  in 
females  of  caligata  (30  to  51%  of  individual  body  length),  212.5 

mm  in  males  and  191.0  mm  in  females  of  olympus  (35-45%  of  indi- 
vidual body  length)  and  202.0  mm  in  males  and  205.6  mm  in 

Females  of  vancouverensis  (33-46%  of  individual  body  length).  Tail 
length  of  male  M.  broweri  averaged  163. 1±  5.8  mm  (r.  152-181; 
N=7),  and  of  females,  154.3±  3.7  mm  (r.  133-164;  N=8)  or 

31-41'/  ol  individual  body  length,  thus  falling  between  the  other 
amphiberingiai]  species.  Relatively  few  complete  skeletons  were 
examined,  but  one  specimen  of  M.  camtschatica  bungei  had  20 
caudal  vertebrae,  and  tail  length  of  160  mm;  two  M.  caligata  each 
had  21  caudal  vertebrae,  and  tail  lengths  of  230  and  240  mm;  two 
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Table  4a.— Cranial  dimensions  of  amphiberingian  Marmota  in  mm. 
(mean,  standard  deviation),  males. 

Marmota  camtschatica: Marmota  caligata: M. 

doppel- camts- 
M. 

casca- 

M. 

vancou- Character: mayeri bungei chatica broweri 

ssp.* 

nivaria densis olympus 
verensis 

1. L.  Ang.  Proc. 44.87 45.13 50.03 47.83 52.79 51.00 53.71 54.93 53.07 
1.00 1.94 2.56 3.28 2.69 4.31 2.61 1.96 0.70 

2. L.  Art.  Proc. 42.00 44.39 47.23 44.73 47.90 46.01 48.73 49.67 49.63 

1.00 1.54 1.86 2.42 1.74 2.96 1.68 1.46 0.87 
3. Rost.  L. 25.07 26.26 27.75 25.06 27.85 25.31 28.50 28.28 27.98 

0.40 1.21 1.56 1.33 1.63 2.04 1.47 0.98 
1.16 

4. Rost.  W. 19.40 20.36 22.24 19.81 21.95 20.97 22.13 22.56 23.73 

0.46 0.72 1.31 0.84 1.16 1.62 1.42 1.11 0.25 
5. For.  Mag.  W. 9.81 9.58 11.28 10.52 13.04 12.29 12.66 12.18 12.50 

0.56 0.67 0.89 1.14 0.73 0.91 0.58 0.78 
0.89 

3. For.  Mag.  H. 6.74 6.83 8.46 7.45 
9.00 

9.27 8.64 8.94 8.78 
0.33 0.65 0.86 0.95 0.66 0.46 0.61 0.73 0.17 

7. Int.-Orb.  W. 18.46 20.95 22.83 22.43 24.13 22.75 24.06 27.53 24.29 
1.62 1.19 1.43 1.45 1.86 2.16 2.28 2.08 

0.76 
8. Post-Orb.  W. 16.98 17.26 17.25 16.84 16.32 15.71 17.16 16.56 14.03 

1.07 0.51 1.44 1.49 1.34 1.34 0.89 
1.18 0.38 

9. Sag.  Cr.  L. 23.77 25.42 28.87 27.24 30.12 26.79 31.90 31.98 37.68 
2.20 3.20 4.09 5.35 3.81 

7.60 
3.49 

3.08 1.73 

0. Tymp.  Bui.  W. 14.67 15.49 15.98 15.10 16.57 16.97 16.81 16.03 17.78 

0.31 0.57 0.83 1.25 1.20 1.48 0.82 1.77 0.39 

1. Tymp.  Bui.  L. 16.57 17.84 18.41 16.71 18.13 17.79 19.58 18.76 18.73 
0.57 0.69 1.04 1.64 1.02 1.25 1.18 1.57 

1.07 
2. Max.  T.R.L. 19.67 20.99 22.38 20.96 22.94 22.26 23.59 23.34 24.73 

0.40 0.53 0.53 0.64 0.73 
0.95 0.35 0.77 0.51 

3. Zygom.  W. 53.27 55.53 58.63 57.78 64.24 62.37 63.56 64.22 64.61 
1.33 2.01 2.78 2.27 2.70 4.73 3.79 

2.11 0.69 
4. Nasal  L. 36.07 37.30 41.29 36.76 40.93 39.03 41.00 43.23 41.45 

0.47 1.72 1.73 2.65 2.04 4.27 1.36 1.55 
1.45 

5. Post-Orb.  L. 36.07 38.29 41.17 39.33 43.59 41.89 44.74 46.05 45.50 
1.23 2.24 2.88 2.06 2.13 

3.70 2.34 1.80 1.02 

6. Rost.  H. 18.87 20.93 22.21 20.68 23.73 22.68 23.58 24.53 24.08 

0.15 0.82 0.99 1.24 1.04 1.91 
1.08 0.70 0.44 

7. Max.  H. 23.03 25.37 27.41 24.83 27.11 26.46 27.45 28.43 28.73 

0.40 1.08 1.14 1.46 1.37 2.48 1.40 1.36 0.86 
8. Occ.   H. 26.03 28.64 29.46 27.96 30.94 29.59 31.89 30.40 31.28 

0.38 0.67 1.30 1.03 1.40 1.76 
2.16 0.92 0.82 

9. Mast.  W. 36.63 38.97 41.18 39.51 45.12 43.27 47.52 45.49 46.20 
0.55 1.51 2.16 1.17 2.10 

3.27 2.34 1.59 0.57 
0. Depr.  Nas. 20.00 18.83 21.71 16.18 15.83 12.16 17.25 18.67 16.00 

2.00 1.60 2.64 2.78 1.87 1.89 2.92 2.46 0.00 
1. Depr.  Occ. 27.00 30.04 30.50 31.07 31.23 34.14 32.13 31.33 

33.84 
1.00 1.05 1.79 1.38 1.90 

3.86 2.90 1.67 0.58 
2. Prof.   Ind.  Nas. 33.66 37.80 40.07 38.29 41.21 40.32 40.75 43.75 43.75 

0.58 2.45 2.70 
3.81 2.87 3.00 3.15 3.28 3.30 

,3. Prof.  Ind.  Occ. 30.92 35.91 38.57 35.36 43.58 41.83 45.63 45.50 
42.50 

1.81 1.90 2.77 2.24 
3.45 4.08 

3.93 1.51 0.58 
4. Cond.-Bas.  L. 84.67 88.92 94.55 89.48 98.74 94.67 99.56 103.27 100.25 

1.32 3.29 3.76 3.67 4.24 7.10 3.01 
2.68 

2.11 
iample  size  N 3 35 14 14 

52° 

19 8 12 4 

Includes  caligata  (N=19),  nivaria  (N=4),  okanagana  (N=7),  and  oxytona  (N=22) 
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Table  4b. — Cranial  dimensions  of  amphiberingian  Marmota  in  mm. 
(mean,  standard  deviation),  females. 

Marmota  camtschatica: Marmota  caligata: 

M. doppel- camts- 

M. 

casca- 

M. 

vancou- 
Character: mayeri bun  get chatica broweri 

ssp." 

nil-aria 
densis olympus verensis 

1. L.  Ang.  Proc. 42.91 44.23 48.07 43.38 51.45 47.90 53.71 52.98 49.59 
2.03 1.44 2.67 2.02 2.44 

3.24 
2.56 

2.35 
2.40 

2. L.  Art.  Proc. 40.96 43.24 45.77 41.26 47.01 44.66 48.01 48.13 46.95 

1.99 1.38 2.14 1.31 1.73 2.54 1.68 
1.62 2.49 

3. Rost.   L. 23.99 25.90 26.89 24.06 26.80 23.62 28.67 
26.93 25.60 

1.06 0.94 
1.40 0.85 1.49 1.91 1.37 1.44 1.02 

4. Rost.  W. 18.27 19.87 21.42 19.33 21.28 19.91 22.03 21.69 21.78 

0.76 0.93 1.20 0.63 
1.06 1.37 1.36 0.98 0.90 

5. For.  Mag.  W. 11.12 11.49 11.89 11.25 12.66 
12.13 12.81 12.06 12.20 

0.32 0.24 0.34 0.59 0.72 0.68 0.89 
0.55 1.00 

6. For.  Mag.  H. 9.45 8.79 8.12 8.23 8.96 8.95 
9.03 8.83 9.20 

0.42 0.42 0.61 0.79 0.68 0.60 
0.68 

0.62 
0.23 

7. Int.-Orb.  W. 18.32 20.36 22.94 21.71 23.48 21.91 23.36 25.76 
22.30 

1.67 1.23 1.66 1.28 1.31 2.23 2.06 1.25 1.11 

8. Post-Orb.  W. 17.12 17.27 17.19 17.06 16.44 15.92 17.45 17.08 15.48 

0.85 0.28 1.16 1.28 1.41 1.34 1.65 1.27 1.10 
9. Sag.  Cr.  L. 22.03 24.49 25.66 25.17 28.66 21.75 30.15 28.86 

"31.25 

1.71 1.99 4.01 5.30 
4.41 8.30 4.35 

5.68 4.40 
10. Tymp.  Bul.  W. 14.23 14.94 15.29 14.09 15.78 16.48 17.11 16.27 16.36 

0.53 0.75 0.86 1.32 
0.91 1.09 0.96 

1.79 
0.76 

11. Tymp.  Bul.  L. 16.56 17.26 17.48 16.11 17.65 17.65 18.94 18.02 17.59 

0.80 0.63 1.06 1.69 0.72 1.36 1.15 1.38 
0.67 

12. Max.  T.R.L. 19.66 20.23 21.48 20.51 22.81 22.05 23.37 
22.97 

23.73 
0.64 0.60 0.76 0.59 0.84 0.62 

0.99 
0.80 

0.67 
13. Zygom.    W. 51.61 54.12 56.07 56.26 62.82 59.85 65.56 

62.76 60.71 
2.50 1.48 2.58 2.02 2.57 4.34 3.47 

2.73 
2.00 

14. Nasal   L. 35.43 36.41 39.50 35.30 39.40 37.71 42.04 41.98 38.84 
1.57 1.28 1.78 2.41 

2.03 
3.11 1.44 

2.02 1.98 

15. Post-Orb.  L. 34.76 37.63 39.31 38.31 42.28 39.89 43.54 44.87 41.24 
1.46 1.49 2.65 1.85 2.26 3.17 1.49 2.29 

3.22 
16. Rost.  H. 18.64 20.37 21.30 19.94 22.59 21.27 23.11 23.70 22.03 

0.98 0.81 0.97 1.24 1.03 1.46 
1.43 

1.06 1.10 
17. Max.  H. 22.13 24.81 26.33 24.03 26.17 25.38 26.78 27.55 25.88 

1.30 0.84 
1.40 1.43 1.21 1.77 1.66 1.59 1.00 

18. Occ.  H. 25.97 27.90 28.48 27.02 30.16 28.32 31.23 29.95 29.22 
1.31 

0.94 1.11 0.70 1.21 
1.89 1.27 1.60 1.35 

19. Mast.  W. 35.66 38.03 39.35 38.05 43.29 42.27 46.49 44.55 42.83 

1.55 0.89 2.11 1.33 1.77 
3.16 

2.43 2.20 
1.22 20. Depr.  Nas. 18.86 18.15 19.81 15.00 15.78 11.00 16.92 19.92 15.10 

2.12 1.84 2.69 1.05 2.21 1.13 
2,17 

1.98 2.51 
21. Depr.  Occ. 27.00 29.59 29.94 29.90 30.12 33.33 30.69 30.50 32.76 

1.00 L.06 
1 .98 

1.10 1.24 
2.57 

l  .58 
1.93 

1.06 
22. Prof.  Ind.  Nas. 33.29 36.49 38.56 35.40 40.23 

37.92 
41.74 41.08 39.50 

2.29 2.28 2.85 2.59 
2.73 2.78 

3.61 3.29 
1.51 

23. P.of.  Ind  Occ. 31.29 35.67 
38.4  I 

38.50 42.23 39.33 44.00 44.67 39.99 
3.04 2.20 3.88 2.59 2.65 4.19 

3.97 2.(i7 
3.96 24. ConcL-Bas,  L. 81.70 87.25 

91.]  i 
86.89 95.82 91.06 

99.61 
99.83 92.68 

Lie 2.40 4.28 3.19 3.83 8.37 4.03 
4.41 2.20 

Sample    Ize  N 7 29 16 
10 

(i!) 
12 10 12 

10 

'  [nchldefl  caligata   (N=35),  nivaria   (N=5),  okanagana   (N  =  10),  and  oxytona   (N  = L9). 
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M.  broweri  also  each  had  21,  and  tail  lengths  of  143  and  190  mm. 
Thus,  tail  length  is  apparently  independent  of  the  number  of  caudal 
vertebrae,  which  in  all  species  of  Marmota  examined  ranged  from 
18  to  23,  the  modal  value  being  21. 

Cranial  Morphology 

Sexual  dimorphism. — The  extent  of  sexual  dimorphism  in  am- 
phiberingian  marmots  is  considerable  as  revealed  by  DF  analysis 
(Table  5).  Approximate  F  statistics  between  males  and  females 
were  not  significant  at  the  p  ̂ =  .05  level  in  M.  caligata  cascadensis 
and  M.  olympus,  the  two  largest  taxa,  but  were  below  the  p  =  .001 
level  in  the  remaining  seven  groups  tested.  It  is  not  surprising  that 
the  majority  of  specimens  were  correctly  classified  with  four  or 

fewer  variables  entered  in  the  model  as  determined  by  the  classi- 
fication functions  shown  ( Table  5 ) .  Here  variables  are  represented 

by  a  V  and  the  subscript  indicates  the  variable  number.  Our  cri- 
terion for  including  the  variable  in  the  model  was  whether  the 

variable  entered  at  each  step  was  significant  at  the  p  ̂   .05  level. 
Variables  which  best  classified  individuals  as  to  sex  were  different 

for  each  group  but  because  nearly  all  variables  served  to  discrimi- 
nate between  sexes  to  a  greater  or  lesser  extent,  in  some  cases 

including  as  many  variables  as  the  number  of  degrees  of  freedom 
permitted  improved  the  identification. 

Geographic  and  Interspecific  Variation:  Univariate  Compari- 
sons.— The  most  trenchant  differences  between  camtschatica  and 

broweri  on  the  one  hand  and  the  caligata  group  on  the  other  are 
as  follows.  In  the  former  pair,  the  angular  process  is  relatively 
short,  and  does  not  extend  much  beyond  the  articular  process 

( Table  4,  Fig.  4 ) .  The  rostra  of  camtschatica  and  broweri  are  rela- 
tively longer  than  caligata.  Postorbital  width  is  greater  in  broweri 

and  camtschatica  than  in  caligata;  tympanic  bulla  length  is  rela- 
tively less  in  caligata.  Relative  zygomatic  breadth  is  less  in  cam- 

tschatica, and  the  shape  of  the  zygoma  also  differ;  in  camtsclmtica 
the  maxillary  portions  of  the  arches  diverge  rapidly  posteriorly, 
and  the  arches  then  tend  to  become  more  rounded,  whereas  in 
caligata  the  divergence  posteriorly  is  more  gradual  and  the  arches 
appear  more  parallel,  or  else  continue  to  diverge  (Fig.  4).  M. 
broweri  is  intermediate  in  zygomatic  width,  but  in  shape  is  closer 
to  camtschatica.  M.  camtschatica  has  a  relatively  narrower  mastoid 
width  than  caligata  and  the  depression  of  the  nasals  is  greater; 
broweri  is  intermediate  in  these  characters.  Finally,  the  elevation 
of  the  occiput  viewed  in  profile  (profile  index,  occiput)  is  higher 
in  caligata  than  in  camtsclmtica  or  broweri  owing  largely  to  the 
deeper  angular  process  of  the  mandible  in  caligata,  and  greater 
development  of  sagittal  and  lambdoidal  crests. 



L- 

n c 

0 
— 
O 
U 

O 
T3 

X. 
u 

0) 

n) 

aj 

>< > - 
s w 

O    3 

ft/ 

c 
_2    <u 

as 

U   g '5b w  u 

o 
-°  ,„• •  ~*      C/i 

-c  -^ a  >n 

C    ca 
a  c 

«*H      rt 

o  c 

(«    o c  B 

.2  ° 

°w   c 

££ 1  c 
r6     2 

c "S'S 

5  -c 

2  o ■fit 

S^
 

(/)  T3 

XjJ 

p.  a 
2  > 

1  £ 
13    w 

u 

o O o cr o o CD © 

cc 

t- 

io  o 

O o 

S 

cc 

o 
o 

cm 

e 
o 

o 
o 

cm 

8 5? 

CM 

o 
o 

i-H 

oc 

t- 

CM 

CD 

t- 

CD    O 
00    O 

CM 

o 
c 
CO 

o 
o 

CO    t- 

00 
CD 

00 
CO 

CD 

CO 

t> 

oa 

CO 

t- 

CD 
d 
o 

CM 

CD 

00 

CD 

TP 

CO 

+ 

> O 

s 
i—i 

i— i 00 

co rf 
CO 

5  + 
+  ;> 
>  S 
oo  op 

i-H    CO 

■a  «0 

>  CM 

cd 

CD 

00 
cm 

+ 
> 
lO 

> CM 

CM  t~- 

CO  t— 

+ 
cm 

+ 

!> 

CM 

CD 

CO 

cd 

+ 
00 

t~ 

CM 

00 CO 

© 

1—1 

,H
 

lO 
in 

> CD 

CM 

CO 

Tf 

CO CM 

CO 

2 o CM 

CM 

oS 1 

CD 

-r 

CM 

CM 

1 

co    *r 

t>  o 

^h  d 

CD    O 

f-i         i-t         W 

cm"
 

o 

CO 

co
" 

in 

Tt
<"
 

cd 

i-H 
i— i 
i-H 

co
" 

co"
 

ID 

1— 1 

cm
" 

CM 

1—1 

e-f 

CM 

.—<" 

o  o o  o 
o o o o 

o> 

CO 

CD   CD 

id  p 

q o 

t>    00 
d  d o  o d  d 

o  o 

d 
o 

d 
o 

d 
o 

d 
CD 

CO 

cc 

00    CO 

t>    00 c4  d CO    00 

d 
o 

d 
o 

d  d CO   l> 

3        J2 

CM  f- + 

i-H 

+ 

»n 
CM 

+  CO 

t> 

1 > 1 1 >       1 

o 
o S*r 

CD 
CD 

>S
 

S> 

CM      1 

i-H 

CO 

CO 

CM 

CD 

CM 

CO 

SB 

1< 

■<* 

CM 

^ 
o 

CM 

CD 

CD 

lO 

1 

CD 

1 

»o 

00 co 

d iH d 

O     CMCD     CDCM     COO      *?©      CMCM ■-•       lO    CO       <-H    •-!  "—I  ,-H       ,-H    ,-H 

♦00*00*0         0*0         0*00*00*00*00*00 
°<^h 

R r 1 k 

►c 

5 -^ 
Si 

B 6 be 

«5 

u g c E 
8 1 8 6 i 

5 S 5 u u 

"iu   2 

Irf  
'5 

"1     ° 



THE  RELATIONSHIPS  OF  AMPHIBERINGIAN  MARMOTS  19 

M.  olympus  and  M.  vancouverensis  are  both  quite  similar 
cranially  to  caligata.  Howell  (1915)  indicated  that  olympus  was 
larger  and  relatively  broader  interorbitally,  but  with  relatively 

narrower  zygomatic  and  post-orbital  widths;  we  found  this  to  be 
true.  He  also  stated  that  the  rostrum  of  olympus  was  broader  than 
that  of  caligata,  but  this  is  not  borne  out  in  our  data.  Howell  ( op. 
cit.)  suggested  that  condylobasal  length  of  vancouverensis  was 

smaller  than  M.  caligata  cascadensis,  but  while  this  is  true  of  fe- 
males in  our  sample,  it  does  not  hold  for  males.  Neither  is  the 

zygomatic  breadth  less,  as  he  suggested. 
Certain  qualitative  differences  may  also  be  noted.  In  broweri 

the  nasals  are  concavely  tapered  posteriorly  to  a  point  of  least 
width  anterior  to  the  nasofrontal  suture,  and  then  widen  somewhat 
on  the  posterior  portion  of  the  bone  (Fig.  4).  In  caligata  the 
nasals  gradually  taper  posteriorly  to  about  midpoint,  then  more 

abruptly,  giving  them  a  slightly  convex  to  nearly  straight  pre- 
maxillary  margin;  they  do  not  widen  again  posteriorly.  These 
characteristics  of  nasal  shape  are,  to  be  sure,  individually  variable 
but  constitute  a  constant  difference  in  all  specimens  we  have 
examined;  M.  broweri  is  easily  separable  from  M.  caligata  on  this 
character.  The  nasals  of  M.  camtschatica  are  also  variable,  and 
generally  intermediate  in  shape;  the  premaxillary  margin  is  nearly 

straight,  but  the  nasals  taper  gradually.  Another  subjectively  eval- 
uated character  is  the  degree  of  development  of  the  supraorbital 

notch  on  the  lateral  margin  of  the  frontal — generally  well-devel- 
oped in  camtschatica  and  broweri  and  weakly  so  in  caligata — 

although  there  is  considerable  individual  variation  and  overlap 
between  the  taxa  (Fig.  4).  Configuration  of  the  lachrymal  area  is 
also  alike  in  camtschatica  and  broweri.  The  lachrymal  bone  is 

roughly  square,  with  a  fairly  large  lachrymal  foramen  (naso- 
lachrymal  canal)  and  a  small  foramen  situated  between  the  lachry- 

mal and  the  orbital  wing  of  the  maxillary,  termed  "prewing"  fora- 
men by  Gromov,  et  al.  (1965)  (Fig.  4a,  b,  inset).  M.  caligata  has 

a  more  rectangular  lachrymal  bone  (longer  than  high),  and  both 

the  lachrymal  and  the  "prewing"  foramina  are  larger  (Fig.  4c, 
inset).  In  camtschatica  the  orbital  wing  does  not  project  above  the 

upper  margin  of  the  lachrymal,  while  in  caligata  it  does — broweri 
usually  resembles  caligata  in  this  respect  (Fig.  4b,  inset).  Hall 
and  Gilmore  ( 1934 )  cited  several  other  characters  as  separating 
broweri  from  caligata:  posterior  projection  of  palate  beyond  molar 
row,  shape  of  anterior  palatal  foramen,  and  shape  of  ventral  margin 
of  the  mandible.  These  character  differences  usually  were  seen 
though  there  was  much  individual  variation. 

Qualitative  differences  within  the  caligata  group  include  the 
following:  in  caligata  the  upper  tooth  rows  are  usually  divergent 
anteriorly;  in  olympus  and  vancouverensis  there  is  a  tendency  for 
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Fig.    4,    cont. — Skull    and    mandible    of,    e,    M.    vancouverensis,    5     (UM 
13521),  original.    x0.5 

the  tooth  rows  to  be  more  parallel.  The  basioccipital  projections  in 

olympus  and  vancouverensis  are  larger  than  usually  found  in  ca- 
ligata,  and  extend  well  below  the  ventral  surface  of  the  tympanic 

bullae.  The  lachrymal  bone  approaches  a  quadrate  form  in  olym- 
pus and  vancouverensis,  and  the  orbital  wing  extends  well  above 

its  upper  margin,  in  contrast  to  caligata  (see  above).  In  certain 
other  characters,  vancouverensis  differs  from  the  other  two  species. 
The  coronoid  process  is  thinner  and  more  recurved,  the  lower 
margin  of  the  mandible  not  as  concave,  and  the  anterior  cusplet 

of  the  P4  is  small.  The  proximal  shape  of  the  nasals  in  vancouver- 
ensis is  also  unique,  in  that  the  antero-medial  margins  of  the  fron- 

tals  extend  forward,  forming  a  V-shaped  notch  at  the  proximal  ends 
ol  the  nasals. 

Multivariate  Comparisons:  Principal  Component  Analysis. — 
Both  the  PC  and  cluster  analysis  gave  similar  results,  but  of  the 
two,  the  former  seemed  more  useful  in  determining  groups  for  later 
DF  analysis  and  for  revealing  patterns  of  geographic  variation. 
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In  the  PC  analysis,  males  and  females  were  treated  separately 
and  the  first  ten  factors  were  extracted  from  their  correlation  ma- 

trices, which  accounted  for  97.0  and  97.5  per  cent  of  the  variation 
for  the  respective  sexes.  Of  these  ten  factors,  only  the  first  four 
were  judged  interpretable.  Loadings  =^  0.250  are  marked  by 
asterisks  in  Table  6.  For  both  male  and  female  PC  analyses  factor 
loadings  are  highly  positive  on  most  characters  for  PC  I,  which 
we  interpret  as  a  general  size  factor  (Table  6).  Postorbital  width, 
however,  exhibits  an  inverse  relationship  to  general  size,  probably 
as  a  result  of  age  variation  (Pizzimenti,  1975:39);  depression  of 
nasals  may  also  vary  inversely,  but  loading  values  are  low.  PC  II 
shows  heavy  positive  loading  on  depression  of  nasals,  rostral 
length,  and  length  of  sagittal  crest,  combined  with  high  negative 
loadings  on  depression  of  occiput,  and  foramen  magnum  width, 
while  females  have  negative  loadings  on  tympanic  bulla  width 
and  maxillary  tooth  row  length.  PC  II  thus  appears  to  be  a 
complex  shape  factor;  animals  with  long,  deep  rostra  and  long 
sagittal  crests  tend  to  have  somewhat  shallow  skulls  and  smaller 

Table  6. — Matrix  of  factor  loadings  for  principal  components. 

Male Female 

I 
II 

III IV I II III IV 

1. L.  Ang.   Proc. 

0.954* 

-0.038 -0.080 -0.150 

0.981* 

-0.047 

0.056 0.050 
2. L.   Art.   Proc. 

0.955* 

0.183 0.047 

-0.080 

0.983* 

-0.011 

0.025 0.028 

3. Rost.  L. 

0.787* 0.495* 

0.124 0.101 

0.814* 
0.422* 

0.146 

-0.001 

4. Rost.  W. 

0.882* 
0.214 

-0.075 
0.053 

0.901* 

0.170 0.095 0.013 
5. For.  Mag.  W. 

0.837* 
-0.254* -0.310* 

0.088 

0.766* 

-0.133 

0.381* 

0.148 
6. For.  Mag.  H. 

0.717* 
-0.465* -0.266* 

0.103 0.004 

-0.382* 

0.543* 
0.652* 

7. Int.-Orb.    W. 

0.799* 

0.039 
-0.356* 

-0.042 

0.867* 

0.063 

-0.099 -0.201 

8. Post-Orb.  W. 
-0.365* 

0.210 
-0.478* 

0.714* 
-0.429* 

0.190 

0.541* 

-0.541* 
9. Sag.  Cr.  L. 

0.709* 0.315* 

0.240 

-0.491* 

0.840* 
0.314* 

-0.254* 

0.146 
10. Tymp.  Bui.  W 

0.613* 

-0.225 

0.538* 
0.317* 

0.702* 

-0.492* 
0.092 

-0.008 

11. Tymp.   Bui.   L. 

0.507* 
0.241 

0.609* 
0.372* 

0.492* 

-0.243 

0.572* 

-0.338* 
12. Max.   T.R.L. 

0.867* 

-0.091 
0.002 0.033 

0.862* 

-0.290* 

0.040 

-0.115 

13. Zygom.  W. 

0.928* 

-0.163 -0.204 -0.018 

0.946* 

-0.106 

0.008 

-0.095 

14. Nasal  L. 

0.886* 0.255* 

0.070 0.114 

0.913* 

0.172 0.004 0.044 
15. Post-Orb.  L. 

0.964* 

0.037 
-0.000 -0.005 

0.935* 

-0.033 -0.197 -0.048 

16. Rost.   H. 

0.959* 

0.061 
-0.139 

0.000 

0.975* 

0.124 

-0.017 

0.005 
17. Max.  H. 

0.938* 

0.114 
-0.016 -0.022 

0.890* 

0.157 

-0.160 

0.046 
18. Occ.  H. 

0.937* 

0.004 0.009 

-0.026 

0.961* 

-0.011 

0.149 0.060 
19. Mast.  W. 

0.958* 

-0.035 -0.023 
0.145 

0.954* 

-0.172 

0.010 0.063 
20. Depr.   Nas. 

-0.197 

0.896* 

-0.037 
0.006 0.127 

0.866* 

0.155 0.101 
21. Depr.   Occ. 

0.504* 
-0.470* 

0.585* 

0.085 

0.321* 

-0.745* -0.348* 

-0.164 

22. Prop.  Ind.  Nas 

0.833* 

-0.094 

-0.312* 

-0.099 

0.912* 

0.101 

-0.056 -0.048 

23. Prop.  Ind.  Occ 

0.926* 
0.131 0.042 

-0.020 

0.947* 

0.006 

-0.086 -0.090 

24. Cond.-Bas.  L. 

0.978* 

0.116 
-0.043 

0.065 

0.988* 

0.063 

-0.023 -0.013 

VP 16.064 2.042 1.780 1.111 16.113 2.328 1.422 1.003 

SVP/TOTVP 66.9 75.4 82.9 87.5 67.1 76.8 82.8 86.9 

*  =  Loadings  ̂   0.250 
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foramina  magna.  PC  III  for  males  shows  high  positive  load- 
ings for  tympanic  width  and  length  and  depression  of  occiput, 

contrasted  with  high  negative  loadings  for  inter-  and  post-orbital 
width,  foramen  magnum  width  and  height,  and  anterior  profile 

index.  For  females,  PC  III  shows  high  positive  loadings  for  post- 
orbital  width,  foramen  magnum  width  and  height,  and  tympanic 
bulla  length,  and  high  negative  loadings  for  depression  of  occiput 
and  sagittal  crest  length.  Many  of  these  loadings  involve  the  orbital 
and  anterior  regions.  In  males  the  cranium  is  somewhat  domed, 

with  a  well-developed  sagittal  crest;  the  inter-  and  post-oribtal  re- 
gion is  narrow  and  the  foramen  magnum  small.  In  females,  the 

post-orbital  region  is  particularly  broad  and  foramen  magnum  larger 
while  the  cranium  lacks  pronounced  doming  or  enlarged  sagittal 

crest.  For  PC  IV,  males  again  show  high  positive  loadings  on  tym- 
panic bulla  width  and  length,  and  post-orbital  width,  and  a  high 

negative  loading  for  sagittal  crest  length.  For  females  on  this  fac- 
tor, foramen  magnum  height  is  again  strongly  positive,  and  post- 

orbital  width  and  tympanic  bulla  length  are  highly  negative.  This 
factor  represents  the  contrast  in  size  of  the  post-orbital  width  with 
the  length  of  the  sagittal  crest  for  males,  which  is  age-related:  in 
older  males,  sagittal  crest  development  becomes  pronounced  and 

there  is  a  relative  decrease  in  post-orbital  width. 
Projection  of  locality  scores  for  both  male  and  female  analyses 

onto  the  first  two  principal  component  axes  are  shown  in  Fig.  5. 
Locality  scores  are  connected  by  a  straight  line  (some  points  are 
unpaired  because  only  single  males  and  females  were  available 
from  these  localities).  Since  males  and  females  from  the  same 
locality  represent  the  same  gene  pool,  the  midpoints  of  the  line 
segments  may  be  regarded  as  the  best  combined  estimate  of  a 
locality  on  the  first  two  PC  axes.  The  broken  lines  surrounding 

several  localities  denote  those  which  were  combined  in  later  analy- 
ses for  our  groups.  Points  not  so  enclosed  (6,  21,  22,  31)  were  not 

included  in  later  analysis.  In  summary,  PC  I  represents  general 
cranial  size,  PC  II  is  a  complex  shape  factor,  associating  long 
rostra  with  shallow  crania,  and  PC  III  and  IV  represent  sex  and 

age-related  variation   in  orbit,  sagittal  crest,  and  basicranium. 
Multivariate  Comparisons:  Discriminant  Function  Analysis. — 

Results  ol  a  DF  analysis  (on  9  male  and  9  female  groups  com- 
bined), including  classification  Innetions,  classification  table,  sum- 

mary tabic  and  canonical  variables  evaluated  at  group  means   (too 

extensive  to  be  included  here)  are  found  in  Appendix  B.  Projec- 
tion ol  discriminant  scores  I,  II,  and  III  (Fig.  6)  differentiate  the 

spec •ies  on  both  size  and  shape,  and  results  in  two  clusters  showing 
no  overlap — the  M.  caligata  group  to  the  right,  and  M.  broweri 
and  M.  camUchatica  to  the  left 

Within  the  caligata  group,  skull  size  and  shape  of  both  male 
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Fig.  5. — Projection  of  mean  vector  scores  of  separate  PC  analyses  for  males 
and  females  by  localities  onto  the  first  two  principal  component  axes  extracted 
from  the  correlation  matrix.  Lines  connect  males  and  females  from  the  same 

localities;  symbols  represent  locality  midpoints.  Closed  squares,  M.  camts- 
chatica;  open  squares,  M.  broweri;  closed  circles,  M.  caligata;  open  circle, 

M.  vancouverensis;  half -open  circle,  M.  olympus.  Localities  (see  also  Speci- 
mens Examined)  coded  by  number  as  follows:  (M.  camtschatica  doppel- 

mayeri)  1 — Buryat-Mongol'  A.S.S.R.  (M.  c.  bungei)  2 — vie.  Verkhoyansk; 
3 — Adicha  River;  4 — lower  Lena  River;  5 — Tuora-Yurak  River.  (A/,  c. 
camtschatica)  6 — Magadan  Obi.;  7 — Kamchatka  Obi.  (M.  broweri)  8 — west- 

ern Brooks  Range;  9,  10 — central  Brooks  Range;  11 — eastern  Brooks  Range. 
(M.  c.  caligata)  12 — west-central  Alaska;  13 — southwestern  Alaska;  14 — 
Kenai  Peninsula;  15 — Hinchinbrook  Island;  16 — Mt.  McKinley;  17 — vie.  Fair- 

banks; 18 — upper  Yukon;  19,  20 — southeastern  Alaska  and  British  Columbia. 
(M.  c.  sheldoni)  21 — Montague  Island.  (M.  c.  vigilis)  22 — Glacier  Bay. 
(M.  c.  oxytona)  23,  35 — Northwest  Terr,  and  northern  British  Columbia; 
24 — central  British  Columbia;  25 — southern  British  Columbia  and  Alberta. 
(M.  c.  okanagana)  26,  27 — southern  British  Columbia  and  Alberta.  (A/,  c. 
nivaria)  28 — northwestern  Montana;  29 — central  Montana;  30 — southern  Mon- 

tana. (M.  c.  raceyi)  31 — west-central  British  Columbia.  (M.  c.  cascadensis) 
32 — western  British  Columbia  and  Washington.  (Af.  vancouverensis)  33 — 
Vancouver  Island.    (M.  olympus)  34 — Olympic  Peninsula. 
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and  female  M.  olympus  is  not  far  from  M.  caligata  cascadensis,  as 
previously  noted  by  Howell  (1915).  However,  cranial  morphology 

does  not  place  M.  vancouverensis  close  to  olympus  (or  cascaden- 
sis. as  Howell  suggested)  in  the  three-dimensional  plots,  but  rather, 

closer  to  M.  c.  nivaria  which  is  relatively  isolated  from  the  rest  of 
the  caligata  group. 

Cluster  Analyses. — UPGMA  cluster  analysis  on  the  mean  dis- 
tance matrix  (Appendix  C)  from  separate  DF  analyses  on  males 

and  females  of  the  subspecies  samples  resulted  in  the  distance 
phenogram  of  Figure  7  whose  cophenetic  correlation  (Sneath  and 
Sokal,  1973)  was  0.839.  This  phenogram  again  demonstrates  that, 
on  the  basis  of  cranial  morphology,  there  is  a  major  distinction 
between  the  caligata  group  and  camtschatica,  and  M.  broweri 
clusters  with  camtschatica.  M.  olympus  clusters  with  M.  caligata 
ssp.  and  M .  c.  cascadensis.  M.  vancouverensis,  in  contrast,  is  closer 
to  M.  caligata  nivaria;  both  of  these  latter  taxa  are  somewhat  iso- 

lated from  the  rest  of  the  caligata  group. 

Vocalization 

Calls  of  Marmota  broweri  have  not  been  described.  The  "alarm" 
call,  about  0.4  seconds  in  duration  (Fig.  8a),  differs  from  those  of 
both  camtschatica  and  caligata.   The  dominant  frequency  starts  at 

l'i'.  <>.  -Projection  of  discriminant  scores  on  the  first  three  canonical  axes foi  amphiberingian  marmota  grouped  hy  taxon.  Solid  symbols,  males;  open 
lymbolfl  Females. 
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about  1500  Hz,  rises  to  about  4000  Hz,  then  falls  slightly  to  about 
3000  Hz,  and  levels  off  for  the  last  half  of  the  call;  its  intensity 
appears  to  be  greatest  in  the  middle.  The  first  harmonic  above 
the  dominant  starts  at  about  5000  Hz,  and  rises  and  falls  like  the 
dominant  but  disappears  during  the  last  half  of  the  call.  The 
attenuated  alarm  (Fig.  8b)  has  a  duration  of  almost  0.9  seconds. 
It  begins  as  does  the  short  alarm  call;  the  dominant  frequency 
starts  below  2000  Hz,  rises  to  almost  4000  Hz,  then  falls  to  a 
drawn-out  note  around  3000  Hz.  There  is  also  at  least  one  har- 

monic. A  "squeal"  or  "growl"  is  also  shown  in  Fig.  8c.  The 
amorphous  structure  of  this  call  is  similar  to  comparable  vocali- 

zations by  other  species  of  marmots  and  ground  squirrels. 
Since  vocal  sounds  made  by  various  species  of  marmots  vary 

considerably,  a  comparison  of  primary  or  long  call,  also  called 

"alarm"  or  whistle  motif  (Barash,  1973;  Nikol'skii,  1976;  Taulman, 
1977;  Waring,  1966)  of  the  amphiberingian  species  is  instructive. 

The  primary  call  of  M.  caligata  is  a  loud,  prolonged  "whistle," 
steady  in  intensity  at  a  dominant  frequency  of  about  3200  Hz;  the 
first  harmonic  is  at  about'  6000  Hz.  Its  mean  duration  was  0.74 
seconds  (Taulman,  1977)  and  0.56  seconds  (Waring,  1966).  There 

is  also  a  short,  or  "descending"  call  of  the  same  frequency,  but 
from  0.3  to  0.5  seconds  in  duration,  and  with  an  ascending  be- 

ginning and  especially  a  descending  end  (Taulman,  1977).  The 
primary  call  of  M.  olympus  is  similar  in  sound  to  that  of  M. 
caligata  (Barash,  1973).  The  dominant  is  around  3000  Hz,  but 
there  is  no  detectable  harmonic,  and  there  is  a  slight  initial  rise 

and  terminal  fall.  The  duration  is  also  less  than  in  caligata,  aver- 
aging 0.39  seconds.  Barash  also  recorded  a  short  call  lasting  little 

more  than  0.1  second,  but  having  the  same  structure,  and  perhaps 

slightly  lower  frequency.  M.  Vancouver 'ensis  calls  have  not  been 

recorded;  it  is  said  to  rarely  vocalize  (Swarth,  1911),  but  has  "a 
loud  chirping  call  and  a  piercing  whistle  of  alarm"  (Hardy,  1955). 

In  contrast,  the  primary  call  of  M.  camtschatica  is  short,  lasting 

  M:c:doeB«lnL!»»Il 

—  «*.  C;  buna*' 

—  M  c  cimUchitlc* 

—  M.broweri 
I   M 

M  c»lig»C  it(i. 

c.cticidanin 

M.olympul 

M,c.nlvrl» 

M.  vancou  versn •  1 1 

8.93  8.18  7.43  6.68  5.93  5.18  4.43  3.68 

Fig.  7. — UPGMA  phenogram  based  on  Euclidean  distances  between  group 
centroids  on  the  canonical  axis  of  the  DF  analysis. 
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for  only  about  0.2  seconds,  and  has  a  very  different  harmonic 

structure  (Nikol'skii,  1976).  Its  dominant  begins  at  about  1000 
Hz,  rises  to  about  3000  Hz  (M.  c.  c.)  to  5000  Hz  (M.  c.  d.),  and 

then  falls  symmetrically  to  500-1000  Hz.  The  first  harmonic  starts 
at  3000  Hz  and  rises  to  about  8000  Hz  in  M.  c.  camtsclxatica;  no 

harmonic  was  detected  in  M.  c.  doppelmayeri.  Nikol'skii  (op.  cit.) 
regards  the  "alarm"  call  of  this  species  as  intermediate  in  structure 
between  those  of  other  Old  World  species  and  New  World 
marmots. 

The  harmonic  structure  of  the  primary  call  of  broweri  com- 
bines the  changing  frequency  and  harmonic  of  camtsclwtica  in  the 

first  half  of  its  call  with  a  steady  frequency  similar  to  caligata  in 
the  second  half.  The  alarm  call  of  M.  broweri  has  about  the  same 

duration  as  the  long  call  of  M.  olympus,  while  the  attenuated 
alarm  call  of  broweri  is  as  prolonged  as  the  long  call  of  M.  caligata. 
However,  the  vocal  pattern  is  sufficiently  distinct  to  be  considered 

species-specific. 

Biochemical  Comparisons 

Of  the  three  blood  serum  proteins  examined,  only  albumin 
showed  no  differences  in  mobility  among  the  four  species  (Fig.  9), 
and  it  appears  to  be  monomorphic  in  all  of  the  species  of  Marmota 

examined  so  far  (Nadler,  unpublished).  The  leucine  aminopepti- 
dase  band  of  M.  caligata  ( arbitrarily  designated  LAP  1)  migrated 
more  rapidly  than  that  of  M.  broweri  (LAP  2),  but  showed  no 
intraspecific  variability;  data  for  M.  camtschatica  and  M.  olympus 

were  not  obtained.  Transferrins  appeared  as  either  simple  (ho- 
mozygous) or  double  (heterozygous)  fractions  after  starch-gel 

electrophoresis.  Specimens  of  M.  caligata  exhibited  homozygous 
patterns  for  Tf  2  (one  specimen)  and  Tf  3  (eight  specimens);  five 

specimens  had  heterozygous  Tf  2-3  patterns  (Fig.  9).  Only  a 
monomorphic  Tf  2  pattern  was  seen  in  the  two  M.  olympus  studied. 
In  contrast,  eleven  M.  broweri  from  the  vicinity  of  Mt.  Wachsmuth, 

near  Chandler  Lake,  Alaska,  were  all  homozygous  (Tf  7-7).  The 
single  M.  camtschatica  was  a  heterozygous  individual  whose  two 
Tf  bands,  designated  6  and  8,  ran  very  close  to,  but  on  each  side 
of,  Tf  7  of  broweri. 

Discussion 

Distributional  Evidence 

Although  Hall  and  Gilmore  (1934)  originally  suggested  that 
intergradation  between  \1.  broweri  and  M.  c.  caligata  probably 
existed,  it  lias  not  been  found.  Instead,  Rausch  (1953)  and  Rausch 

and  Rausch  (1971)  clarified  the  distribution  of  the  two  species  in 
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Alaska,  eliminating  unsubstantiated  early  records  from  the  Seward 
Peninsula,  and  Fort  Yukon,  and  demonstrating  that  ranges  of  the 

two  species  were  not  contiguous  in  Alaska,  as  they  had  previously 
been  mapped  (Anderson,  1934;  Hall  and  Kelson,  1959).  Rausch 

and  Rausch  (1971)  suggested  there  was  an  area  of  potential  con- 
tact between  the  two  species  at  the  undeined  eastern  edge  of  the 

range  of  broweri,  in  the  Richardson  Mountains  west  of  the  delta 
of  Mackenzie  River.  Porsild  (1945)  reported  a  sighting  of  marmots 
on  Black  Mountain,  in  the  Richardson  Mountains,  southwest  of 
Aklavik  (old  site),  Northwest  Territories,  but  no  specimens  were 
taken,  and  Youngman  (1975)  found  no  evidence  of  marmots  in 

the  Richardson  Mountains.  However,  a  juvenile  M.  broweri,  la- 

beled "Arctic  Red  River"  [Northwest  Territories],  was  examined 
in  the  British  Museum  (Natural  History).  This  locality  is  south- 

east of  the  Richardson  Mountains,  and  the  Arctic  Red  is  a  tributary 
of  the  Mackenzie  River  which  flows  north  out  of  the  Mackenzie 

M  oiympui           m  c  tihgota    M  c.camlchatlca 

M   browon 

Fig.  9. — Zymogram   patterns   from   electrophoresis  of  blood  serum   samples 
of  amphiberingiai]  marmots.   M.  olymptui  Tf  2-2;  M.  caliaata:   LAP  1,  Tf  2-2, 

3,  and  3-3;  U.  broweri:   LAP  2,  Tf  7-7;  M.  camtschatico:  Tf  6-8.   Albumin 
monomorpliie. 
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Mountains.  But  the  specimen  may  have  come  from  farther  west  or 
from  mountains  forming  the  divide  between  the  Peel  and  Porcupine 
Rivers.  Hoary  marmots  (M.  caligata)  occur  as  far  north  as  the 

Mackenzie  and  Olgilvie  Mountains,  Yukon  and  Northwest  Terri- 
tories (Banfield,  1974;  Hall  and  Kelson,  1959).  The  little-known 

country  between  the  Porcupine  and  Peel  Rivers  is  therefore  the 

most  likely  area  for  M.  broweri  and  M.  caligata  to  come  into  con- 
tact, if  they  do  anywhere  (R.  L.  Rausch,  pers.  comm.;  Fig.  1). 

Marmota  olympus  and  M.  vancouverensis  are  both  geographi- 
cally isolated,  relict  populations  whose  nearest  congeners  are  the 

Coast  Range  populations  of  M.  caligata  cascadensis  and  M.  c. 
raceyi. 

Behavioral  Evidence 

Denning. — Rausch  and  Rausch  (1971)  compared  several  as- 
pects of  the  biology  of  the  amphiberingian  species  to  elucidate 

relationships.  Denning  behavior  is  similar  in  broweri  and  cam- 
tschatica; in  both  species  all  individuals  in  a  colony  hibernate 

together  in  a  single  winter  den,  and  this  seems  to  be  characteristic 
of  most,  if  not  all,  of  the  Old  World  marmots.  In  contrast,  New 

World  M.  monax  and  M.  flaviventris  colonies  have  several  hiber- 
nacula,  and  adult  males  appear  to  hibernate  singly,  and  breeding 
females  with  their  young  (Grizzell,  1955;  Hamilton,  1934;  deVos 
and  Gillespie,  1960).  The  situation  in  M.  caligata  is  unclear. 
Barash  (1974)  found  this  species  to  resemble  in  its  behavior  M. 
olympus.  While  cranial  morphology  and  pelage  of  M.  olympus 
resemble  caligata  ( see  above ) ,  the  karyotype  ( 2n  =  40,  FN  =  66; 
Rausch  and  Rausch,  1965,  1971)  resembles  M.  camtschatica  (Lya- 
punova  and  Vorontsov,  1969)  (see  below).  Barash  (1973)  found 
that,  like  camtschatica  and  broweri,  olympus  individuals  hibernate 

together  in  a  single  burrow.  Barash  ( 1974 )  apparently  did  not  de- 
termine this  for  the  M.  caligata  colonies  he  studied  at  Logan  Pass, 

Glacier  National  Park.  Biesemeyer  ( 1960 ) ,  who  earlier  studied  one 

of  the  same  M.  caligata  colonies  ( Oberlin-Clements ) ,  found  cir- 
cumstantial evidence  against  group  hibernation.  However,  this 

colony  exhibited  an  unusual  pattern  of  spring  movement  associated 
with  the  fact  that  hibernation  burrows  were  some  distance  from 

snow-free  early  season  foraging  areas  (Biesemeyer,  1960;  Barash, 
1974)  and  its  hibernation  behavior  may  not  be  typical  of  the 
species. 

Breeding. — Another  characteristic  shared  by  M.  camtschatica 

and  broweri  is  that  ".  .  .  breeding  evidently  takes  place  before  the 
animals  are  able  to  leave  the  winter  den"  like  most  Old  World 
species  ( Rausch  and  Rausch,  1971 ) ,  and  in  camtschatica  young  are 
born  a  week  or  two  after  the  adults  emerge  from  hibernation 
(Kapitonov,  1969).    In  caligata  and  olympus,  on  the  other  hand, 
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breeding  probably  takes  place  after  emergence,  and  young  are  born 
about  a  month  after  emergence  (Biesemeyer,  1960;  Barash,  1973, 
1974). 

Evidence  from  Parasites 

Rausch  and  Rausch  (1971)  also  summarized  pertinent  parasite 
records  for  the  amphiberingian  marmots.  M .  camtschatica  and  M . 
broweri  share  the  flea  Oropsylla  silantiewi  (Kapitonov,  1960b; 
Rausch  and  Rausch,  1971),  which  also  occurs  widely  on  other 
Palearctic  species.  M.  caligata  harbors  Thrassis  pristinus,  belonging 
to  a  Nearctic  genus  (Holland,  1963;  Rausch  and  Rausch,  1971). 
Regarding  endoparasites,  caligata  and  broweri  both  are  infested 
by  the  cestode  Diandrya  composita,  which  occurs  in  all  Nearctic 

marmots  except  M.  monax,  and  by  Catenotaenia  reggiae.  In  con- 
trast, no  cestodes  of  any  sort  have  been  recorded  from  M.  cam- 

tschatica (Kapitonov,  1960b). 

Rausch  and  Rausch  (1971)  considered  that  the  co-occurrence 
of  the  cestodes  D.  composita  and  C.  reggiae  was  most  simply 
explained  by  the  hypothesis  that  M.  broweri  and  M.  caligata  were 

both  derived  from  an  ancestral  form  of  the  ca/igata-group,  but 
could  not  then  account  satisfactorily  for  the  co-occurrence  of  the 
flea  O.  silantiewi  on  M.  broweri  and  M.  camtsclxatica.  They  further 

reasoned  that  if  their  favored  hypothesis  was  incorrect,  and  alterna- 
tively, if  the  cestodes  had  been  transferred  from  M.  caligata  to 

M.  broweri,  transfer  of  the  caligata  flea  T.  pristinus  presumably 
also  would  have  occurred. 

Our  suggestion  for  reconciling  this  conflicting  evidence  (assum- 
ing future  research  does  not  uncover  T.  pristinus  on  M.  broweri, 

or  the  Nearctic  cestodes  in  M.  camtschatica)  is  as  follows.  Assume 

the  marmot  population  ancestral  to  M.  camtschatica  and  M.  brow- 
eri inhabited  the  Beringian  refugium  during  the  Pleistocene  (see 

Guthrie  and  Matthews,  1972;  Hoffmann  and  Taber,  1967;  Mac- 
pherson,  1965;  Rand,  1954;  Rausch  and  Rausch,  1965),  and  har- 

bored a  flea  (O.  silantiewi)  but  no  cestodes  (Rausch,  1976).  Iso- 
lation of  the  two  forms  by  the  Bering  Strait  through  rising  sea  level 

at  the  end  of  a  glacial  period  would  result  in  populations  ancestral 

to  M.  camtschatica  and  M.  broweri  to  the  west  and  east,  respec- 
tively, of  the  Strait,  each  with  a  flea  but  no  cestode  parasites.  If 

broweri  lias  come  into  limited  post-Pleistocene  contact  with  ca- 

ligata possessing  a  (lea  f  7'.  pristi)ius)  and  cestodes  (D.  composita, 
C.  reggiae),  it  seems  possible  that  transfer  of  the  cestodes  to 
broweri,  which  lacked  any,  might  be  more  probable  than  transfer 

<>l  the  Ilea  Thrassis  to  brooks  Range  marmots  that  already  harbored 
the  Ilea  ( hopsylla,  since  host  specificity  in  fleas  is  pronounced  (cf. 
Rausch,  1976). 
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Chromosomal  Evidence 

In  concluding  that  M.  broweri  was  more  closely  related  to  M. 
caligata  than  to  M.  camtschatica  Rausch  and  Rausch  ( 1971 )  appear 
to  have  been  influenced  by  Vorontsov  et  al.  (1969).  Following 
conventional  cytogenetic  interpretations  that  chromosomal  fusion, 

leading  to  lower  diploid  number  and  increase  in  number  of  bi- 
armed  chromosomes,  is  the  most  likely  direction  of  Robertsonian 
change,  Vorontsov  and  his  colleagues  concluded  that  the  karyotype 

of  M.  caligata  and  M.  flaviventris  (2n  =  42,  FN  =  66)  was  an- 
cestral, and  that  M.  broweri  (2n  =  36,  FN  =  66)  was  the  most 

recently  differentiated,  possibly  from  M.  monax  (2n  =  38,  FN  = 
66?).  Only  when  their  own  paper  was  already  in  press  did  Rausch 

and  Rausch  (1971)  see  the  report  of  the  karyotype  of  M.  cam- 
tschatica (2n  =  40,  FN  =  66)  by  Lyapunova  and  Vorontsov 

(1969).  Direction  of  chromosomal  evolution  (fission  vs.  fusion) 
aside,  fewer  changes  are  required  to  remodel  the  karyotype  of 
camtschatica  to  that  of  broweri,  than  to  derive  broweri  from 
caligata.  Thus,  chromosomal  evidence  also  supports  the  hypothesis 
that  broweri  is  closer  to  camtschatica  than  to  caligata. 

Because  M.  camtschatica  and  M.  olympus  share  similar  karyo- 
types (2n  =  40),  Vorontsov  and  Lyapunova  (1976)  suggested  a 

direct  phyletic  relationship  between  them.  Although  karyologi- 
cally  differentiated  from  the  remainder  of  the  caligata  group  (2n 
=  42),  olympus  is  morphologically  allied  with  it,  rather  than  with 
camtschatica  and  broweri.  It  now  seems  likely  that  the  ancestors 
of  camtschatica  were  derived  from  a  Nearctic  marmot  (Rausch, 
1977;  Vorontsov  and  Lyapunova,  1976)  possessing  2n  =  40  that  is 
now  represented  by  the  relict  M.  olympus.  This  ancestral  popula- 

tion may  t1  en  have  given  rise  to  M.  caligata  (2n  =  42)  in  western 
North  An  erica  (Hoffmann  and  Nadler,  1968)  and  in  eastern 
Eurasia  to  a  population  which  ultimately  differentiated  into  M. 

caudata  and  the  M.  bobac  superspecies  (bobac,  baibacina,  hima- 
layana,  siberica,  menzbieri)  with  2n  =  38,  while  M.  camtschatica 
retained  a  2n  =  40. 

Marmota  vancouverensis,  on  the  other  hand,  is  both  karyo- 
logically  and  morphologically  a  member  of  the  caligata  group;  its 
principal  distinguishing  feature  is  that  genes  for  melanism  have 
become  fixed  in  this  insular  population.  It  is  likely  a  Pleistocene 
isolate  from  caligata  populations  in  the  Coast  Ranges  of  British 
Columbia  which  has  entered  a  severe  genetic  bottleneck  in  terms 
of  effective  population  size  and  decrease  in  suitable  habitat. 

Biochemical  Evidence 

Although  presently  limited  to  a  few  loci,  biochemical  evidence 
suggests  differences  between  M.  caligata  and  M.  broweri  greater 
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than  usually  found  between  closely  related  species  of  ground  squir- 
rels (Nadler,  et  al.,  1974).  Thus,  caligata  and  broweri  differ  in 

leucine  aminopeptidase  mobility,  the  LAP  1  of  caligata  also  being 
found  in  M.  monax  and  M.  flaviventris;  transferrin  2  of  caligata 
and  olympus  is  also  shared  with  flaviventris.  LAP  2  and  Tf  7  of 
M .  broweri  have  so  far  not  been  found  in  other  species  of  Marmota; 
the  similarity  in  mobility  of  Tf  7  to  that  of  Tf  6  and  8  in  M. 
camtschatica  does  not  necessarily  indicate  molecular  similarity.  The 
hemoglobin  of  M.  broweri  also  differs  from  those  of  M.  olympus 

(Johnson,  1974),  and  Blumberg  et  al.  (1960)  described  a  poly- 
morphism in  M.  broweri  haptoglobin  without  comparing  their  rela- 

tive mobilities  to  those  of  other  marmots.  Thus,  available  bio- 
chemical evidence  does  not  contradict  the  view  that  broweri  is 

closer  to  camtschatica  than  caligata. 

The  Beringian  Fauna 

Although  Rausch  and  Rausch  (1965)  originally  suggested  that 
M.  broweri  was  probably  a  component  of  the  late  Pleistocene 
amphiberingian  fauna,  they  later  rejected  this  interpretation  and 

suggested  that  it  was  more  likely  "...  a  relict  North  American 
species  which  became  established  in  the  Brooks  Range  during 

pre-Wurm  time  .  .  ."  (Rausch  and  Rausch,  1971).  If  this  were 
true,  then  both  M.  broweri  and  M.  camtschatica  would  have  in- 

habited the  Beringian  refugium  during  the  Wurm-Wisconsin  glacial 

period,  since  camtschatica  is  known  from  a  "late  Pleistocene" 
( =  Wiirm )  find  in  the  northeastern  Anadyr'  Mountains  ( Gromov, 
et  al.,  1965).  Geographic  sympatry  between  two  species  is  rare  in 
the  genus  Marmota,  and  where  it  occurs  (baibacina  and  cauclata; 
western  Tyan  Shan  ranges;  caligata  and  flaviventris,  central  Rocky 

Mountains;  caligata  and  monax,  central  and  northern  Rocky  Moun- 
tains), ecological  niche  segregation  between  the  species  is  well 

defined  (Hoffmann,  1974).  Thus,  we  would  expect  two  species 
as  similar  ecologically  as  are  camtscliatica  and  broweri  to  become 
at  most  parapatric  in  distribution,  and  not  sympatric. 

If  M.  broweri  was  a  pre-Wurm — Wisconsin  occupant  of  the 
Beringian  refugium,  derived  from  an  ancestor  of  the  caligata  group, 
we  expect  it  would  have  occupied  all  habitable  environments  in 
Beringia,  and  pre-empted  them,  thus  preventing  M.  camtscliatica 
I  inin  occupying  the  northeastern  part  of  its  present  range.  If,  on 
the  other  hand,  broweri  and  camlscliatica  were  derived  from  a 
common  ancester  in  Beringia,  their  isolation  one  or  more  times 

by  the  formation  of  Bering  Strait  in  Interglacial  periods  would  have 
led  to  divergence  and  speeiation.  Speeiation  having  occurred, 
competitive  interaction  between  the  two  species  would  have  been 

sufficient  to  keep  either  from  occupying  the  other's  range;  the  area 



THE  RELATIONSHIPS  OF  AMPHIBERINGIAN  MARMOTS  35 

most  probable  for  this  contact  to  occur  in,  during  glacial  periods 

when  the  "land  bridge"  was  present,  was  the  area  of  the  present- 
day  Bering  Strait.  Rausch  (1977)  has  more  recently  come  to  this 
view. 

Of  those  mammalian  species  thought  to  have  occupied  the 

Beringian  region  during  the  late  Pleistocene  ( Hoffmann,  1976;  Mac- 
pherson,  1965;  Rausch,  1963),  most  are  considered  Holarctic  spe- 

cies, i.e.,  populations  on  either  side  of  Bering  Strait  are  considered 
conspecific.  Some  examples  are  Sorex  cinereus,  Sorex  tundrensis, 
(Hoffmann,  1971;  Hoffmann  and  Peterson,  1967;  Youngman,  1975); 
Spermophilus  parryii  (Gromov,  et  al.,  1965;  Nadler,  et  al.,  1973), 
Lemmus  sibiricus  (Rausch  and  Rausch,  1975),  Clethrionomys 
rutilus  and  Microtus  oeconomus  (Nadler,  et  al.,  1976;  Zimmermann, 
1942).  A  few  species,  however,  appear  specifically  distinct;  these 
include,  in  addition  to  the  two  marmots,  the  hares  Lepus  timidus 

and  L.  othus  (Anderson,  1974),  the  narrow- skulled  voles,  Microtus 
gregalis  and  M.  miurus  (Fedyk,  1970;  Rausch  and  Rausch,  1968), 
the  snow  sheep,  Ovis  nivicola  and  O.  dalli  ( Chernyavskii,  1962, 

1976;  Korobitsyna,  et  al.,  1974),  and  probably  the  collared  lem- 
mings Dicrostonyx  torquatus  and  D.  stevensoni,  etc.  (Kozlovskii, 

1974;  Rausch  and  Rausch,  1972 ) . 
The  greater  degree  of  differentiation  between  these  species 

pairs,  both  chromosomal  and  morphological,  than  is  found  between 
Palearctic  and  Nearctic  populations  of  other  Beringian  species, 

suggests  that  all  Nearctic  members  of  the  pairs  might  be  pre- Wiirm 
relicts  (Chernyavskii,  1976). 

However,  another  interpretation  is  possible.  Rates  of  evo- 
lution have  differed  in  different  taxa,  and  the  greater  differen- 
tiation between  species  pairs  may  be  due  to  more  rapid  diver- 
gence than  has  occurred  in  the  Holarctic  species.  It  must  be 

emphasized  that  the  different  biological  "systems"  within  species 
populations  apparently  diverge  at  different  rates.  For  example, 

there  appears  to  be  no  gross  or  G-band  structural  differences  in 
the  chromosomes  of  the  Siberian  long-tailed  ground  squirrel  (S. 
undulatus)  and  the  Columbian  ground  squirrel  (S.  columbianus) , 
but  morphological  differentiation  is  considerable  (Nadler,  et  al., 
1975;  Robinson  and  Hoffmann,  1975). 

At  present,  it  is  not  possible  to  choose  between  these  alterna- 
tive hypotheses  (longer  isolation  vs.  more  rapid  divergence).  As 

additional  fossil  material  becomes  available  from  the  Beringian 
region,  however,  it  may  be  possible  to  rule  out  one  of  them,  as 

was  possible  in  the  case  of  O.  nivicola — O.  dalli  (Korobitsyna,  et 
al.,  1974). 

Conclusions 

In   the   absence   of   demonstrated   intergradation   between    M. 
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broweri  and  M.  caligata,  and  in  view  of  the  marked  differences 

between  the  species  in  chromosome  number  (Hoffmann  and  Nad- 
ler.  196S;  Rausch  and  Rausch,  1965,  1971),  external  morphology 
(Rausch,  1953;  this  study),  and  cranial  morphology  (this  study), 
we  follow  Rausch  and  Rausch  (op.  cit.)  in  regarding  broweri  and 
caligata  as  specifically  distinct. 

This  study  has  also  shown  that,  in  external  and  cranial  morphol- 
ogy, and  certain  biochemical  characters,  M.  broweri  resembles  M. 

camtschatica  more  than  the  caligata  group.  We  have  also  inter- 
preted evidence  reviewed  by  Rausch  and  Rausch  ( 1971 )  on  den- 

ning and  breeding  behavior,  and  conclude  that  breeding  behavior 
of  broweri  is  more  like  that  found  in  camtschatica  than  in  caligata 

and  olympus.  Vocalizations  of  broweri  are  species-specific,  as 

Nikol'skii  (1976)  found  for  other  Marmota. 
Evidence  from  parasites  is  contradictory;  a  flea  species  is  shared 

by  broweri  and  camtschatica,  but  broweri  and  caligata  share  two 
species  of  cestodes. 

Chromosomal  evidence  also  links  M.  broweri  (2n  =  36)  more 
closely  to  M.  camtschatica  (2n  =  40)  than  to  M.  caligata  (2n  = 
42);  all  three  species  have  the  same  number  of  autosomal  arms 
(F.N. a  =  62)  and  generally  similar  sex  chromosomes.  These  three 

species,  plus  the  relict  M.  olympus  (2n  =  40)  and  M.  vancouver- 
ensis  (2n=  42)  appear  to  form  a  natural  group. 

The  existence  of  a  Beringian  (or  amphiberingian )  fauna  during 

the  Pleistocene  is  well-established  (Guthrie  and  Matthews,  1972; 
Hoffmann,  1976;  Macpherson,  1965;  Rausch,  1963).  Most  of  the 
mammalian  members  of  this  fauna  are  Holarctic  in  distribution, 
but  some  are  represented  by  Palearctic  and  Nearctic  species  pairs, 
in  the  case  of  the  marmots,  M.  camtschatica  and  M.  broweri,  re- 

spectively. These  species  pairs  probably  stem  from  ancestral  popu- 
lations that  were  once  a  part  of  the  Beringian  theriofauna,  but 

which  diverged  at  an  earlier  time  than  the  Holarctic  species,  or 
else  diverged  very  rapidly  in  the  late-Pleistocene  to  Holocene. 

Taxonomically,  we  propose  that  the  above  relationships  be 
reflected  by  employing  the  superspecies  concept  (Amadon,  1961) 

— we  place  Marmota  broweri  and  M.  camtschatica  in  the  super- 
species  camtschatica,  and  M.  caligata,  M.  olympus,  and  M.  van- 
couvcrcnsis  in  the  superspecies  caligata  (see  Specimens  Examined). 

Acknowledgements 

Hoffmann  studied  marmots  in  the  Soviet  Union  on  an  Exchange 
Fellowship  jointly  sponsored  by  the  U.  S.  National  Academy  of 
Sciences  and  the  Academy  of  Sciences  of  the  U.S.S.R.  Many 
Soviet  colleagues  were  particularly  helpful,  including  I.  M.  Gromov, 
I.  I.  Sokolov,  and  N.  K.  Vereshchagin,  of  the  Zoological  Institute, 



THE  RELATIONSHIPS  OF  AMPHIBERINGIAN  MARMOTS  37 

AN  SSSR,  Leningrad  (ZIN);  the  late  V.  G.  Heptner,  and  O.  L. 
Rossolimo,  of  the  Zoological  Museum,  Moscow  State  University 
(MSU).  Other  colleagues  who  provided  assistance  in  collections 
under  their  care  include  the  late  K.  Zimmermann,  and  R.  Anger- 
mann,  Humboldt  Museum,  Berlin  (ZMHU);  K.  Bauer,  Wien 

Naturhistorische  Museum,  Vienna  (WNM);  G.  Corbet,  R.  Hay- 
man,  and  J.  Hill,  British  Museum  (Natural  History),  London 

(BMNH);  S.  Anderson,  K.  Koopman,  and  R.  Van  Gelder,  Ameri- 
can Museum  of  Natural  History,  New  York  (AMNH);  H.  Setzer, 

National  Museum  of  Natural  History,  Washington,  D.C.  (USNM); 
J.  Moore  and  J.  Hassinger,  formerly  of  the  Field  Museum  of  Natural 
History,  Chicago  (FMNH);  P.  L.  Wright,  Zoological  Museum, 
University  of  Montana,  Missoula  (UM);  E.  T.  Hooper,  Museum  of 

Zoology,  University  of  Michigan  (UMMZ);  W.  Lidicker,  Jr.,  Mu- 
seum of  Vertebrate  Zoology,  University  of  California,  Berkeley 

(MVZ);  I.  McT.  Cowan,  University  of  British  Columbia,  Vancou- 
ver (UBC);  R.  L.  Rausch,  formerly  of  the  Arctic  Health  Research 

Center,  Anchorage  and  Fairbanks,  who  also  supplied  a  tape  re- 
cording of  M.  broweri  vocalization,  and  blood  samples;  D.  P. 

Barash,  University  of  Washington,  from  whom  we  obtained  M. 
olympus  blood  samples;  and  N.  N.  Vorontsov,  formerly  of  the 
Institute  of  Cytology  and  Genetics,  Siberian  Branch,  Academy  of 
Sciences  of  the  U.S.S.R.,  who  made  available  a  blood  sample. 

A.  A.  Nikol'skii,  Moscow  State  University,  made  available  to  us 
sonograms  of  marmot  vocalizations.  From  the  University  of  Kansas 
(KU),  J.  W.  Bee  cast  foot  pad  impressions,  W.  E.  Duellman  made 
available  audiospectrographic  equipment,  Deb  Bennett  drew  most 
of  the  figures,  and  Rose  Etta  Kurtz  and  Janet  Jackson  typed  the 
manuscripts. 

Ljerka  Deutsch  assisted  Nadler  in  the  laboratory.  The  sugges- 

tions of  Rausch,  Nikol'skii,  Setzer,  and  Vorontsov  greatly  improved 
an  early  draft  of  the  manuscript.  Hoffmann  was  supported  by 
grants  from  the  U.  S.  National  Academy  of  Sciences,  he  and 
Koeppl,  by  National  Science  Foundation  Grants  GB  5428  and  11644 
and  The  University  of  Kansas  General  Research  Fund,  and  Nadler, 
by  the  Sprague  Foundation.  Computer  time  was  provided  by  the 
University  of  Kansas  Computation  Center. 

Specimens  Examined 

Localities  of  specimens  examined,  and  numbers  of  specimens 
are  list  alphabetically  below.  Quotes  denote  information  taken 
directly  from  labels;  brackets  denote  inferences  for  specimens 
with  incomplete  information  on  labels.  Locality  data  are  ar- 

ranged hierarchically,  from  large  to  small  administrative  units,  plus 

geographic  names  where  appropriate.    The  following  possibly  un- 
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familiar  abbreviations  are  used:  Aut.  Reg.  =  Autonomous  Region; 

Kr.  =  Krai;  Obi.  =  Oblast';  Nats.  Ok.  =  Natsional'nyi  Okrug; 
Rai.  =  Raion.  Adjectival  case  endings  (-skii,  etc.)  are  omitted 
from  Russian  names;  transliteration  follows  the  systems  used  by 
the  U.S.  Board  of  Geographic  Names,  except  that  in  Russian  names 
e  is  always  transliterated  as  e  rather  than  ye,  e,  or  ye  in  certain 
cases,  and  u  is  rendered  as  i  rather  than  y.  Equivalent  U.  S.  Board 
of  Geographic  Names  have  been  given  in  many  cases;  other  main 

sources  of  place  names  were  "The  Times  Atlas,  Mid-Century  Edi- 
tion" (Bartholomew,  1958),  and  the  "Atlas  S.S.S.R."  ( Beloglazova, 

1954).  For  abbreviations  of  museum  collections,  see  Acknowledge- 
ments. 

Marmota  [caligata]  caligata  (358) 

M.  caligata  caligata.  (125)  Canada.  British  Columbia:  Bennett,  2  USNM; 
Cheonee  Mts.,  15  AMNH.  Northwest  Territories,  Mackenzie  District:  Ft. 
Good  Hope,  1  USNM.  Yukon  Territory:  head  of  Coal  Creek,  4  USNM; 
Kalzas  Creek,  Pelly  R.,  2  USNM;  no  exact  locality,  2  FMNH.  U.S.A.  Alaska: 
Alleknagik  [=  Aleknagik]  Lake,  3  USNM;  Becharof  Lake,  12  USNM;  between 
Becharof  Lake  and  Portage  Bay  [=  Kanatak],  5  USNM;  Cantwell  [=  Ne- 
nana?;  Cantwell  R.  =  Nenana  R.,  Baker,  1906],  6  AMNH;  Cape  Elizabeth 
[vie.  of],  8  USNM;  head,  Charlie  [=  Charley]  R.,  1  USNM;  Charley  R., 
near  Mt.  Kathyn  [=  Kathlyn?],  1  USNM;  Chickamin  R.,  2  MVZ;  Circle  Hot 
Springs,  1  AMNH;  Cordova  [=  Orca]  Bay,  3  MVZ;  lower  Delta  R.,  Slate 
Cr.,  Mt.  Hayes  reg.,  2  USNM;  Disenchantment  Bay,  1  MVZ;  Dry  Bay,  1 
FMNH;  Fairbanks  [vie.  of],  1  AMNH;  Fern  Mine,  Talkeetna  Mts.,  1  ZMHU; 
Flat,  Beaver  Mts.,  3  USNM;  Francis  Creek,  5  mi  N  Ptarmigan  Lake,  1  AMNH; 
Hinchinbrook  Island,  Nutchek  Bay,  4  USNM,  1  MVZ;  Juneau,  5  USNM;  2 

mi  S  Juneau,  1  USNM;  "between  Juneau  and  Ketchikan,"  1  AMNH;  Kanatak, 
1  USNM;  head,  Ketchumstock  Cr.,  1  USNM;  Kenai  Peninsula,  Funny  R.,  1 
AMNH;  Kenai  Peninsula,  Kenai  Mts.,  2  AMNH;  Kenai  Peninsula,  Seldovia, 
6  AMNH;  Kenai  Peninsula,  no  exact  locality,  4  USNM,  5  MVZ;  upper  Little 
Delta  R.,  Glacier  Cr.,  Mt.  Hayes  reg.,  3  USNM;  Mt.  McKinley,  1  USNM; 
Mt.  Robert,  1  USNM;  Richardson  Hgy.,  1  AMNH;  Savage  R.,  1  USNM; 
Shelikoff  Strait,    1    USNM;   head,   Toklat   R.,    1    USNM;    White   Pass   glacier, 
2  USNM;  summit,  White  Pass,  2  USNM;  Yakutat  Bay,  2  USNM. 

M.  caligata  cascadensis.  (46)  Canada.  British  Columbia:  Mt.  Baker 

range,  3  USNM;  Spence's  Bridge,  1  AMNH;  Vancouver  [vie.  of],  1  AMNH. 
U.S.A.  Washington:  Chelan  Co.,  Hart  Lake,  17  mi  W  Lucerne,  1  USNM; 

Lyman  Lake,  3  USNM;  Kittitas  Co.,  "mountains  near  Easton,"  1  USNM; 
Mirror  Lake,  2  UMMZ;  Lewis  Co.,  Tatoosh  Mts.,  1  USNM;  Pierce  Co.,  [St.] 
Andrews  Park,  2  UMMZ;  Mt.  Rainier,  7  USNM  (inch  type);  Sunset  Park,  2 

UMMZ;  Ska«it  Co.,  head  of  Cascade  R„  8  USNM;  Whatcom  Co.,  "Washing- 
tun  Territory"  [probably  Mt.  Baker  range,  Howell,  1915],  "NW  Bd  Survey," 
9  USNM;  "Camp  Chiloweyuck,"  2  USNM;  Yakima  Co.,  Mt.  Adams,  Goletren 
Cr.,  vie.  Lava  Sp.,  1  USNM;  "Puget  Sound,"  no  exact  locality,  2  USNM. 

M.  caligata  nivaria.  (65)  U.S.A.  Idaho:  Idaho  Co.,  Clearwater  R.,  Bear 
Cr.,  1  USNM;  Locksaw  [=  Locbja]  Cr.,  1  USNM;  Brushy  Fork,  4  mi  above 
mouth,  1  USNM;  Valley  Co.,  Elk  Summit  [1  mi  N,  5  mi  W  Big  Creek],  2 
USNM;  Montana:  Beaverhead  Co.,  Upper  Miner  Lake,  2  UM;  Flathead  Co., 

"3  mi  up  highway  [Going-tO-the-SuD  Koad]  from  Avalanche  Creek,  1  UM; 
Elk  Calf  Mt.,  1  UM;  Going-to-tbe-SUD  Road,  200  yds  above  Weeping  Wall, 
1   UM;  head  of  Hallowat  Creek,   1   UM;   Lake  Mt.,   1   UM;   !i  mi  W  Logan 
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Pass,  1  UM;  Red  Meadow  Mt.,  1  UM;  2  mi  N  Werner  Peak,  2  UM;  Flat- 
head or  Glacier  Co.,  Logan  Pass,  8  UM,  3  ZIN,  1  ZMHU;  Glacier  Co.,  Piegan 

Mt.,  4  UM;  Upper  St.  Marys  Lake,  9  USNM  (incl.  type);  Granite  Co.,  Cut- 
away Pass,  E  Fork  Rock  Creek,  5  UM;  Goat  Mountain  Lake,  1  UM;  Lake 

Co.,  Mt.  McDonald,  4  UM;  Lewis  and  Clark  Co.,  Sugarloaf  Mt.,  1  UM; 
Lincoln  Co.,  Northwest  Peak,  2  UM;  Pipe  Creek,  Kootenai  R.,  1  UM; 
Robinson  Mt.,  1  UM;  Mineral  Co.,  Trail  Lake,  2  UM;  Missoula  Co.,  Carleton 

Lake  No.  1,  2  UM;  head  of  Dick  Creek,  1  UM;  "Rattlesnake  Mountains,"  3 
UM;  Stuart  Peak,  1  UM;  Ravalli  Co.[?],  Bitterroot  Mts.,  1  AMNH. 

M.  caligata  okanagana.  (30)  Canada.  Alberta:  Banff,  1  USNM;  Henry 
House,  1  USNM;  15  mi  S  Henry  House,  1  USNM;  Maligne  Pass,  2  AMNH; 
The  Monarch,  3  AMNH;  E  Branch,  Rocky  R.,  3  AMNH;  Tornado  Pass,  5 
AMNH;  British  Columbia:  Glacier  House  [=  station],  7  USNM;  6  mi  S 
Nelson,  Silver  King  Mine  [=  Toad  Mt.?],  4  USNM;  Spillimacheen  R.,  3 
AMNH. 

M.  caligata  oxytona.  (76)  Canada.  Alberta:  entrance,  Athabasca  Ranch, 
1  AMNH;  upper  Faulk  Creek,  Smoky  R.  drainage,  1  UM;  head  of  Moose 
Pass  branch,  Smoky  R.,  2  USNM  (incl.  type);  Pobokton  R.,  1  USNM; 
British  Columbia:  mts.  near  Babine,  3  USNM;  Barkerville,  6  USNM;  Cassiar 
Mts.,  Tanzilla  R.,  3  USNM;  Cassiar  Mts.,  no  exact  locality,  2  AMNH,  1 
USNM;  Coldfish  Lake,  2  UM;  mts.  near  Findlay  R.,  1  USNM;  80  mi  NW 
Hudsons  Hope   [=   Laurier  Pass?],   1   AMNH;    102  mi  NW  Hudsons  Hope, 
1  AMNH;  108  mi  NW  Hudsons  Hope,  5  AMNH;  head,  Klappan  R.,  1 
USNM;  Laurier  Pass,  1  USNM;  Level  Mts.,  1  AMNH;  head,  Little  Klappan 
R,  2  USNM;  McConnell  Cr.,  Sustut  Mts.,  1  USNM;  McDane  Cr.  [=  Dease 
R.],  Quartz  Cr.,  2  USNM;  Moose  Pass,  Moose  Forks  [=  N  Fork,  Moose  R.?], 
3  USNM;  N  fork,  Moose  R.,  1  USNM;  Needham  Creek,  1  USNM;  upper 
Parsnip  R.,  above  Bad  R.  Pass,  1  USNM;  Robb  Lake,  1  USNM;  Sheslay  R., 
2  AMNH;  head,  Siccanie  Cr.,  25  mi  SE  Thudade  [=  Thutade]  Lake,  Sustut 
Mts.,  4  USNM;  Stuart  Lake,  2  USNM;  S  end,  Lake  Thudade,  2  USNM;  pass 

near  head,  Tset-ee-yuh  R.  (branch  of  Klappan  R. ),  2  USNM;  head,  middle 
branches,  Wapiti  R.,  1  USNM;  Wolverine  R.,  1  USNM;  Yanks  Peak,  1 
BMNH;  Northwest  Territory,  Mackenzie  Dist.:  Ft.  Laird,  1  USNM;  Yukon 
Territory:  Ida  Lake,  60  mi  W  Glacier  Lake,  6  AMNH;  Iron  Mt.,  Glacier 
Lake,  7  AMNH,  2  ZIN. 

M.  caligata  raceyi.  ( 5 )  Canada.  British  Columbia:  Farrow  Pass,  1  AMNH; 
Itcha  Mts.,  Chilcotin,  1  USNM;  Michel  Peak,  Tweedsmuir  Prov.  Park,  3  UM. 

M.  caligata  sheldoni.  (2)  U.S.A.  Alaska:  Montague  Island,  2  USNM 
(incl.  type). 

M.  caligata  vigilis.  (9)  U.S.A.  Alaska:  Berg  Bay,  5  USNM;  Glacier  Bay 
[vie.  of],  3  USNM,  1  MVZ  (type). 

Marmota  [caligata]  olympus  (35) 

U.S.A.  Washington:    Clallam  Co.,  Mt.  Angelus,  1  USNM;  head,  Cat  Creek, 
4  USNM;  Deer  Park,  2  UM;  Happy  Lake,  1  AMNH,  6  FMNH;  Hurricane 
Ridge,  5  KU,  1  USNM;  head  of  Soleduck  [=  Sol  Due]  R.,  8  USNM  (incl. 
type);  Jefferson  Co.,  head,  N  fork,  Elwha  Basin,  1  USNM;  Mt.  Kimpta  [= 
Kimta],  1  MVZ;  head,  N  fork,  Quinalt  R.  [=  Mt.  Steel?],  2  USNM;  Mason 
Co.,  Lake  Cushman  [=  Cushman  Reservoir,  Mt.  Ellinor],  3  USNM. 

Marmota  [caligata]  vancouverensis  (18) 

Canada.  British  Columbia:  Vancouver  Island,  Mt.  Douglas,  20  mi  S 

Alberni,  8  MVZ  (incl.  type);  Golden  Eagle  Mine,  1  MVZ;  Green  Mt.,  Na- 
naimo  R.,  5  UBC;  King  Solomon  Basin,  3  MVZ;  Mt.  Washington,  1  UM. 
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Marmota  [camtschatica]  broweri  (29) 

Canada.  Northwest  Territory,  Mackenzie  District:  "Arctic  Red  River" 
[=  Richardson  Mrs.?],  1  BMNH.  U.S.A.  Alaska:  Anaktuvuk  Pass,  1  BMNH, 

5  UM,  1  ZMHU;  Chandler  Lake,  1  KU,  7  R.  L.  Rausch,  1  USNM;  Inuk- 
pasukruk  [=  Inukpasugruk]  Creek,  SE  of  Anaktuvuk  Pass,  1  R.  L.  Rausch; 

"Pt.  Lay"  [=  near  head,  Kukpowruk  R.  (Rausch,  1953)],  3  MVZ  (inch  type); 
Lake  Peters,  2  KU,  1  R.  L.  Rausch;  Cape  Sabine,  1  MVZ;  Cape  Thompson, 
1  MVZ;  10  mi  S  Tolugak  [=  Tulugaq]  Lake,  15  mi  N  Anaktuvuk  Pass,  2 
USNM;  Ukukkminilagat  [=  Uqqumilaat],  W  of  Chandler  Lake,  1  R.  L. 
Rausch. 

Marmota  [camtschatica]  camtschatica  (279) 

M.  camtschatica  bungei.  (186)  U.S.S.R.,  Yakutsk.  A.S.S.R.  Bulun.  Rai.: 

Kharaulakh.  Mts.,  Bvkov.  Canal,  94  ZIN;  "Nizov'e  Leny"  [=  lower  Lena  R.], 
1  AMNH,  1  BMNH,  3  MSU,  1  WNH,  30  ZIN;  Kryazhkular  Mts.,  Olomoi 

R.,  3  ZIN;  Adicha  R.  [=  Kyuekh-Tas  Mts.?],  3  ZIN;  Oimyakom.  Plateau, 
Tuora-Yuryak  R.,  1  ZIN;  Sakkyryr.  Rai.:  Orulgan  Mts.,  Bytantai  R.,  32  ZIN; 
Tas-Khayakha-Tau  Mts.,  Selennyakh  R.,  9  ZIN;  Yana  R.  [=  Ulakhin-Chistai 
Mts.?],  2  ZIN;  Verkhoyansk.  Rai.:  no  exact  locality,  1  AMNH,  4  ZIN; 
Khangala  R.  (not  found),  1  ZIN. 

M.  camtschatica  camtschatica.  (55)  U.S.S.R.,  R.F.S.F.R.  Kamchat.  Obi.: 

"Kamchatka,"  no  exact  locality,  3  BMNH,  32  MSU,  4  ZIN;  Koryak  Mts., 
3  ZIN;  Magadan.  Obi.:  Chukot.  Nats.  Ok.,  "Anadyr',"  no  exact  locality,  4 
MSU,  7  ZIN;  Mys  [=  Cape]  Taran,  2  ZIN. 

M.  camtschatica  doppelmayeri.  (38)  U.S.S.R.,  R.F.S.F.R.  Buryat-Mongol '. 
A.S.S.R..-  Barguzin  [vie.  of],  11  MSU,  27  ZIN. 

Summary 

Marmota  camtschatica  of  northeastern  Eurasia,  and  M .  broweri, 
M.  caligata,  M.  olympus,  and  M.  vancouverensis  of  northwestern 
North  America  together  comprise  a  group  of  related  species  with 
an  amphiberingian  distribution.  Multivariate  analysis  of  external 
and  cranial  morphology  of  these  species  revealed  two  distinct 
groups,  one  including  Siberian  M.  camtschatica  and  Alaskan  M. 
broweri,  and  the  other  consisting  of  the  North  American  species 
M.  caligata,  M.  olympus,  and  M.  vancouverensis.  This  grouping 
is  supported  by  behavioral,  ecological,  and  karyological  data,  and 
to  some  extent  by  parasitologic^  and  biochemical  evidence.  Mar- 

mota olympus  may  represent  a  relict  survivor  of  the  Nearctic 
marmot  that  gave  rise  both  to  the  Paleartic  species  group  that 
includes  M.  camtschatica,  and  to  M.  caligata  and  M.  vancouver- 

ensis. In  turn,  M.  broweri  was  derived  more  recently  from  M. 
camtschatica. 
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By 
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E.  Duellman1  

and  Rebecca  
A.  Pyles2 

In  a  review  of  the  marsupial  frogs  (Gastrotheca)  of  the  Ecua- 
dorian Andes,  Duellman  (1974)  noted  the  occurrence  of  uniform 

green  frogs  on  the  Amazonian  slopes  of  the  Andes.  Subsequent 
field  work  resulted  in  the  acquisition  of  series  of  these  green  frogs, 
which  are  similar  to  G.  plumbea  (Boulenger)  on  the  Pacific  slopes 
of  Ecuador  and  to  G.  mertensi  Cochran  and  Goin  from  the  eastern 

slopes  of  the  Cordillera  Central  in  southern  Colombia.  The  latter 
species  produces  tadpoles  (Cochran  and  Goin,  1970),  whereas  G. 

plumbea  and  the  frogs  on  the  Amazonian  slopes  have  direct  de- 
velopment of  eggs  into  froglets.  No  other  populations  of  Andean 

Gastrotheca  are  composed  of  uniform  green  individuals,  although 
occasional  green  specimens  of  G.  marsupiata  ( Dumeril  and  Bibron) 
and  G.  monticola  Barbour  and  Noble  lack  dorsal  markings  (Duell- 

man and  Fritts,  1972;  Duellman,  1974).  Thus,  we  undertook  an 

analysis  of  the  Andean  populations  of  green  Gastrotheca  in  an  at- 
tempt to  determine  their  systematic  status. 

ANALYSES  OF  POPULATIONS 

For  purposes  of  analysis  the  frogs  were  assigned  to  three  geo- 
graphic populations — Amazonian,  Pacific,  and  Colombian.  Sixteen 

morphological  measurements  were  obtained  from  each  specimen. 

1  Curator,  Division  of  Herpetology,  Museum  of  Natural  History;  Professor, 
Department  of  Systematics  and  Ecology,  The  University  of  Kansas,  Lawrence, 
Kansas  66045. 

2  Research  Assistant,  Division  of  Herpetology,  Museum  of  Natural  History, 
The  University  of  Kansas,  Lawrence,  Kansas  66045. 
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Eleven  of  these,  described  in  Duellman  (1970),  are,  as  follows: 

snout- vent  length  (SVL),  tibia  length,  foot  length,  head  length, 
greatest  head  width,  eye  diameter,  tympanum  diameter,  interorbital 

distance,  internarial  distance,  eyelid  width,  and  snout  length.  As- 
sessment of  the  lengths  of  the  thumb  and  third  finger  follows  Duell- 

man (1974).  Three  additional  measurements  are:  1)  orbit-jaw — 
the  horizontal  distance  between  the  ventral  margin  of  the  orbit  and 

the  margin  of  the  upper  lip;  2)  naris-jaw — the  horizontal  distance 
between  the  ventral  margin  of  the  external  naris  and  the  upper  lip; 
and  3)  width  of  disc  on  the  third  finger.  All  measurements  were 

obtained  to  the  nearest  0.1  mm  with  needle-tipped  dial  calipers. 
A  total  of  25  external,  descriptive  characters  also  was  assayed. 

Only  ten  of  these  are  applicable  to  this  analysis;  the  others  are 

consistent  among  the  three  populations.  Two  descriptive  charac- 
ters— iris  color  and  tympanum  color — are  consistent  within  popula- 

tions. The  remaining  eight  characters  are  variable;  these  are — labial 
stripe,  flank  color  and  pattern,  posterior  thigh  pattern,  anal  region 
pattern,  dorsal  skin  texture,  and  extent  of  webbing  on  fourth  and 

fifth  toes.  Data  for  descriptive  characters  were  recorded  in  a  di- 
chotomous  fashion,  i.e.,  presence  or  absence  of  a  character  or  char- 

acter state.  Data  obtained  in  this  manner  enables  application  of 

multivariate  statistical  analyses  (Maxwell,  1961;  Blackith  and  Rey- 
ment,  1971). 

All  statistical  analyses  were  accomplished  through  the  use  of 
Biomedical  Computer  Programs  (Dixon,  1975)  at  The  University 
of  Kansas  Computation  Center.  Univariate  statistics  (BMDP2D), 

pairwise  f-tests  (BMDP3D),  and  one-way  analysis  of  variance 
(BMDP1V)  were  obtained  on  all  morphometrie  data.  A  cluster 
analysis  of  cases  (BMDP2M)  was  used  to  verify  group  membership 
and  to  check  for  outliers  in  the  data  set.  A  stepwise  discriminant 

analysis  (BMDP7M)  was  then  utilized  to  determine  group  sepa- 
ration based  on  morphometrie  and  descriptive  data.  In  univariate 

analyses,  only  adults  separated  by  sex  were  used;  in  multivariate 
analyses,  sexes  were  combined  and  juveniles  were  included. 

Results  of  the  ANOVA  show  that  only  eight  morphometrie 
characters  (Table  1)  have  means  that  are  significantly  different 
(P  <  0.05)  among  the  three  groups.  In  order  to  discern  pairwise 

differences,  two  /-tests  were  generated.  Because  FII1I1X  tests  indi- 
cated the  presence  of  lieteioscedasticity  in  some  of  the  data,  a 

/separate)  statistic  was  used  to  check  the  t  values  obtained  from 
a  pooled  variance  estimate.  These  results  show  that  the  means  of 
the  eight  morphometrie  characters  are  significantly  different  (P  < 
0.001  )  between  the  Colombian  and  Amazonian  populations.  In  the 
comparison  of  the  Pacific  and  Colombian  populations,  all  characters 
were  significantly  different  (P  <  0.001),  except  the  width  of  the 

disc  (P    -  0.36).    However,  only  five  characters  have  significantly 
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different  means  (P  <  0.05)  between  the  Amazonian  and  Pacific 
populations;  the  three  characters  not  different  are  head  length  (P  = 
0.07),  eye  diameter  (P  =  0.16),  and  tvmpanum  diameter  (P  r= 
0.30). 

The  stepwise  discriminant  analysis  is  based  only  on  those  char- 
acters or  character  states  that  exhibited  variation  among  the  three 

populations.  These  include  the  morphometric  characters  and  33 
descriptive  character  states.  However,  only  two  morphometric 
characters  (tibia  length  and  eye  diameter)  and  eight  descriptive 
character  states  (those  pertaining  to  labial  stripe,  flank  color,  flank 
pattern,  posterior  thigh  pattern,  anal  region  pattern,  dorsal  skin 

texture,  and  extent  of  webbing  on  the  fourth  and  fifth  toes)  con- 
tributed to  the  model.  The  best  model  for  classification  (jackknife 

classification  98.3%  correct)  included  only  labial  stripe  (present  in 
Pacific  population)  and  pale  flank  color  (present  in  Amazonian 
populations). 

In  the  discriminant  analysis  (see  Fig.  1),  canonical  axis  I  dis- 
criminates between  Pacific  and  Amazonian  populations.  Canonical 

coefficients  vary  from  —7.97  for  flank  color  to  +4.73  for  posterior 
thigh  pattern;  canonical  correlation  with  axis  I  is  0.983.  Canonical 
axis  II  contribution  was  found  to  be  significant  (eigenvalue  =  16.01, 

X2ii3,i  =  165.76,  P  =  0.01);  correlation  with  axis  II  is  0.97.  Canon- 
ical coefficients  for  axis  II  vary  from  —4.59  (extent  of  webbing  on 

fourth  toe)  and  -4.36  (flank  pattern)  to  +8.47  (labial  stripe). 
Canonical  axis  II  discriminates  between  Pacific  and  Colombian 

populations. 

The  classification  function  of  the  discriminant  analysis  misiden- 
tified  only  three  of  118  specimens  (Fig.  1).  Two  specimens  of  the 
Pacific  population  were  identified  with  the  Colombian  sample;  one 
(KU  178528,  a  juvenile)  lacks  a  labial  stripe,  and  one  (KU  164230) 
has  a  dark  pattern  on  the  flanks.  One  faded  specimen  (AMNH 
17545)  from  the  Pacific  slopes  appears  to  lack  a  labial  stripe  and 

dark  flanks;  therefore,  it  was  classified  with  the  Amazonian  popu- 
lation. Nine  additional  specimens  of  the  Colombian  population 

were  obtained  subsequent  to  this  analysis  and  form  the  basis  for  the 
description  of  coloration. 

DESCRIPTION  OF  NEW  SPECIES 

The  green  Gastrotheca  on  the  upper  Amazonian  slopes  of  the 
Cordillera  Oriental  in  Ecuador  obviously  is  distinct  from  other 
known  species  of  the  genus.  No  name  is  available  for  these  frogs, 

for  which  we  propose  an  epithet  derived  from  the  Greek  oros  mean- 
ing mountain  and  the  Greek  phylax  meaning  guard  or  watchman, 

used  in  the  allusion  that  these  frogs  probably  were  watching  in 

1539  when  a  small  band  of  Spanish  Conquistadores  led  by  Fran- 
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Fig.  1. — Multivariate  plot  of  result  of  discriminant  analysis  of  three  popu- 
lations of  Gastrotheca.  Circles  =  Amazonian  population  ( n  =  56 ) ;  squares  = 

Pacific  population  (n  =  50);  triangles  =  Colombian  population  (n  =  12); 
open  symbols  =  group  means. 

cisco  de  Orellana  descended  the  Papallacta  Valley  on  the  expedition 
that  resulted  in  the  discovery  of  the  Amazon. 

Gastrotheca  orophylax  new  species 

Holotype. — University  of  Kansas  Museum  of  Natural  History 
(KU)  164243,  a  brooding  female,  from  11  km  (by  road)  east-south- 

east of  Papallacta,  2660  m,  Provincia  Napo,  Ecuador,  obtained  on 
22  March  1975  by  Linda  Trueb. 

Paratypes. — All  from  upper  Rio  Papallacta  Valley,  Provincia 
Napo,  Ecuador:  KU  164244,  178568  from  the  type  locality;  KU 
117981  from  3  km  E  Papallacta,  2900  m;  KU  155469-70,  164242 
from  12  km  E  Papallacta,  2630  m;  USNM  211207  from  2  km  E 
Chalpi,  2730  m.  Additional  specimens,  from  the  upper  Chingual 
Valley,  are  not  designated  as  paratypes. 

Diagnosis. — Gastrotheca  orophylax  is  a  moderately  large  Gas- 
trotheca (  $  $  attaining  snout-lengths  of  59.1  mm  and  9  $  74.0 

mm)  with  an  unifonn  green  dorsum  and  having  direct  development 
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of  eggs  into  froglets.  It  is  further  characterized  by  the  presence  of 
smooth  or  areolate  skin  on  the  dorsum,  skin  not  co-ossified  with 
dermal  roofing  bones,  uniform  pale  green  flanks,  uniform  dark  pos- 

terior surfaces  of  thighs,  a  dark  bronze  iris  reticulated  with  black,  a 

bronze-colored  tympanum,  and  the  absence  of  a  labial  stripe  (Fig.  2). 
Gastrotheca  mertensi  (Fig.  3)  differs  from  G.  orophylax  by 

having  more  coarsely  areolate  or  granular  skin  on  the  dorsum,  dark 

flanks  with  or  without  pale  spots,  and  a  yellow  tympanum.  Gas- 
trotheca plumbea  differs  from  G.  orophylax  by  having  a  pale  labial 

stripe,  uniformly  brown  flanks,  uniformly  pale  posterior  surfaces  of 

the  thighs,  an  olive-green  iris,  and  a  green  tympanum.  Some  indi- 
viduals of  G.  plumbea  have  dark  flecks  on  the  anterior  and  posterior 

surfaces  of  the  thighs  (Fig.  4),  and  others  in  life  have  a  narrow, 
pale  dorsolateral  stripe  (Fig.  5).  Minor  differences  among  at  least 
some  individuals  of  these  species  also  exist  in  the  extent  of  webbing 
on  the  fourth  and  fifth  toes  (least  extensive  in  G.  mertensi),  color 
pattern  of  anal  region  (dark  patch  and/ or  pale  anal  stripe  in  G. 
plumbea  and  no  pattern  in  others),  and  ventral  coloration  (dark 

with  pale  spots  in  some  G.  mertensi  and  uniformly  pale  in  all  oth- 
ers). Gastrotheca  mertensi  produces  tadpoles,  and  G.  plumbea  has 

direct  development  of  eggs  into  froglets. 

Some  individuals  of  two  other  Andean  species  of  Gastrotheca 
are  uniform  green  dorsally.  Of  these,  G.  monticola  differs  from  G. 
orophylax  by  having  a  cream  labial  stripe,  a  bronze  canthal  stripe, 
dark  spots  on  the  flanks,  pale  dorsolateral  stripe,  and  dark  spots  on 

the  venter.  Some  G.  marsupiata  are  uniform  green  dorsally  but  dif- 
fer from  G.  orophylax  by  being  much  smaller  (  $  $  attain  snout- 

vent  lengths  of  41.6  mm  and  9  9  46.5  mm)  and  by  having  a  pale 
labial  stripe,  dark  canthal  stripe,  and  granular  skin  on  the  dorsum. 
Both  G.  marsupiata  and  G.  monticola  produce  tadpoles. 

Description  of  holotype. — Adult  female  with  eggs  in  .brood 
pouch;  head  wider  than  long;  snout  rounded  in  dorsal  view  and  in 
profile;  canthus  angular;  loreal  region  slightly  concave;  lips  thin, 
rounded;  nostrils  nearly  terminal  on  snout,  slightly  protuberant 
laterally;  internarial  region  slightly  depressed;  interorbital  area  flat, 
much  wider  than  eyelid;  tympanic  annulus  indistinct;  tympanum 
separated  from  eve  by  distance  nearly  equal  to  diameter  of  eye. 
Body  robust;  limbs  moderately  slender;  ulnar  tubercles  absent; 
palmar  tubercle  diffuse;  calcars  absent;  inner  tarsal  fold  weak, 
present  only  distally;  inner  metatarsal  tubercle  elliptical,  flat,  visible 
From  above;  outer  metatarsal  tubercle  absent;  subartieular  tubercles 

large,  round;  supernumerary  tubercles  large,  flat,  present  only  prox- 
imally;  discs  large,  round;  webbing  absent  between  fingers;  web- 

bing Formula  of  Fool  12— 2II1.5— 3III3— 31V3— 1.5V.  Skin  on  dor- 
sum areolate;  skin  on  belly  and  ventral  surfaces  of  limbs  coarsely 

granular;  anal  opening  directed  posteriorly  at  upper  level  of  thighs, 
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lacking  folds  and  tubercles;  opening  of  pouch  small,  /X-shaped. 
Tongue  cordiform;  choanae  small,  round;  prevomerine  teeth  6-7  on 
abutting  transverse  processes  between  choanae. 

Color  ( in  preservative )  of  dorsum  of  head,  body,  and  limbs,  and 
anterior  and  posterior  surfaces  of  thighs  dull  bluish  gray;  belly  dull 
grayish  cream;  webbing  dark  gray. 

Measurements  of  holotype  in  mm. — Snout-vent  length  70.1,  tibia 
36.0,  foot  34.4,  head  width  26.3,  head  length  23.5,  interorbital  dis- 

tance 8.4,  internarial  distance  4.5,  eyelid  width  3.7,  eye  diameter 
5.3,  tympanum  diameter  2.9. 

Coloration  in  life. — The  dorsal  surfaces  of  the  head,  body,  and 
limbs  are  bright  emerald  green.  The  flanks  and  margins  of  the 
upper  lips  are  paler  green.  A  bronze  postorbital  stripe  is  diffuse 

above  the  tympanum  and  disappears  just  posterior  to  the  tympa- 
num. There  is  a  bronze  suffusion  on  the  outer  edges  of  the  forearms 

and  feet  and  on  the  dorsal  surfaces  of  the  toes.  The  axilla,  groin, 
and  distal  parts  of  the  posterior  surfaces  of  the  thighs  have  a  blue 
suffusion.  The  palmar  and  plantar  surfaces  are  dark  gray,  and  the 
ventral  surfaces  of  the  thighs  are  grayish  bronze;  the  other  ventral 
surfaces  are  pale  green.  In  calling  males  the  throat  is  bluish  gray. 
The  iris  is  deep  bronze  with  black  reticulations.  The  tongue  is 
cream,  and  the  lining  of  the  mouth  is  pale  blue. 

Variation. — The  known  specimens  of  Gastrotheca  orophylax  are 
remarkably  uniform  in  structure  and  coloration.  Females  are 
slightly  larger  than  males  (Table  1)  but  do  not  differ  in  coloration. 
The  amount  and  intensity  of  blue  suffusion  in  the  groin  and  on  the 
posterior  surfaces  of  the  thighs  is  slightly  variable  individually,  as 
is  the  distinctness  of  the  bronze  postorbital  stripe.  Recently  hatched 
young  lack  the  blue  and  bronze  colors  and  have  a  pale  gray  venter. 

Distribution  and  ecology. — Gastrotheca  orophylax  is  known 
from  elevations  of  2620-2910  m  on  the  Amazonian  slopes  of  the 
Cordillera  Oriental  in  northern  Ecuador  and  extreme  southern 

Colombia  (Fig.  6).  Localities  of  occurrence  are  in  the  upper  Rio 

Papallacta  Valley  (2630-2900  m)  and  the  upper  Rio  Chingual  Val- 
ley forming  the  border  between  Colombia  and  Ecuador  ( 2620-2910 

m).  In  both  valleys,  the  frogs  were  found  in  disturbed  upper  mon- 
tane forest  that  had  been  partially  cleared  for  pastures.  Viney  bam- 
boos (Chusquea)  are  dense  in  ravines,  and  large-leafed  Gunner  a 

(Haloragaceae)  are  abundant  at  edges  of  clearings.  One  individual 
was  found  beneath  a  stone  by  day;  the  others  were  collected  at 
dusk  and  at  night.  Most  were  perched  on  leaves  ( 1-2.5  m  above  the 
ground )  of  Gunner  a  and  other  large-leafed  herbs. 

Males  have  been  observed  calling  in  January,  March,  and  July. 

The  call  is  a  moderately  loud  "bonk-bonk-bonk"  repeated  at  intervals 
of  14-20  sec.  Analysis  of  one  recording  (KU  Tape  1224)  shows  that 
four  calls  have  3-6  (x  —  4.5)  notes  about  0.005  sec  in  duration  with 
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Fig.  2. — Gastrotheca  orophylax,  KU   164243,  holotype.    $,  70  mm  snout- 
vent  length. 

Fig  3.    Gastrotheca  mertensi,  KV  181190,  9 ,  75  mm  snout-vent  length. 
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Fig.  4. — Gastrotheca  plumbea,  KU  164229,    5,  63  mm  snout-vent  length. 

Fig.  5. — Gastrotheca  plumbea,  KU  142614,   $ ,  54  mm  snout-vent  length. 
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Fig.  6. — Distribution  of  Gastrotheca  orophylax  (dots)  and  G.  plumbea 
(circles). 

intervals  of  about  0.075  sec  between  notes;  the  fundamental  fre- 
quency at  about  500  Hz  is  dominant. 

Brooding  females  have  been  found  in  March,  May,  June  and 

July.  Ten  brooding  females  contained  12-32  (x  =  21.4)  eggs  hav- 
ing mean  diameters  of  5.19-7.23  (x  —  6.13)  mm.  Two  brooding 

Females  collected  on  22  June  1977  gave  birth  to  froglets  on  31 
August  and  25  September  1977.  Ten  newly  born  young  have  snout- 
vent  lengths  of  15.7-17.2  (x  =  16.1)  mm. 

DISCUSSION 

Gastrotheca  orophylax  is  a  member  of  the  Gastrotheca  plumbea 
group,  as  defined  by  Duellman  (1974).  Of  the  seven  species  now 
recognized  in  that  group,  five  (G.  cavia,  lojana,  monticola,  psychro- 
phila,  and  riobamhae)   produce  tadpoles  that  complete  their  de- 
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velopment  in  ponds,  whereas  G.  orophylax  and  G.  plumbea  produce 
froglets.  All  of  these  species  are  essentially  allopatric;  G.  orophylax 
and  G.  riobambae  were  both  found  at  El  Carmelo,  Ecuador. 

In  addition  to  the  same  mode  of  reproduction  and  the  similar- 
ities mentioned  in  the  diagnosis,  G.  orophylax  and  G.  plumbea  are 

alike  in  having  a  bluish  white  cutaneous  exudate,  which  is  absent 
in  other  members  of  the  group.  Furthermore,  the  mating  calls  are 
similar  and  differ  from  the  calls  of  the  other  species.  Analysis  of  one 
recording  of  the  call  of  G.  plumbea  (KU  Tape  1036)  reveals  that 
the  call  consists  of  3-6  ( x  =  4.3 )  notes  and  that  the  call  repetition 
rate  is  about  25  sec.  Notes  have  a  duration  of  about  0.007  sec,  and 
the  interval  between  notes  is  about  0.042  sec;  the  fundamental  fre- 

quency at  about  650  Hz  is  dominant. 
Biochemical  investigations  of  microcomplement  fixation  of  al- 

bumins show  that  the  immunological  distance  between  G.  plumbea 

and  G.  orophylax  is  3  units  and  between  G.  mertensi  and  G.  oro- 
phylax is  7  units  ( Linda  Maxson,  pers.  comm. ) .  According  to  Wil- 

son et  al.  ( 1977 ) ,  100  units  of  albumin  distance  equals  55  million 

years  of  separation.  Thus,  immunological  distances  indicate  a  sepa- 
ration of  G.  plumbea  and  G.  orophylax  for  about  1.6  million  years. 

This  places  the  separation  in  the  Pleistocene,  a  time  of  continuing 
uplift  of,  and  extreme  climatic  fluctuation  in,  the  Andes  (Simpson, 
1975;  Vuilleumier,  1971).  Presumably  a  G.  orophylax-plumbea  stock 
existed  at  moderate  elevations  in  the  Andes  of  northern  Ecuador. 

Either  because  of  greater  uplift  of  the  mountains  or  vertical  cli- 
matic-vegetational  shifts,  populations  became  isolated  on  opposite 
sides  of  the  Andes.  Now  G.  orophylax  lives  at  elevations  of  2620- 
2910  m  on  the  eastern  slopes  and  G.  plumbea  at  similar  elevations 

(2010-3085  m)  on  the  western  slopes  (Fig.  6).  Gastrotheca  mertensi 
apparently  is  more  distantly  related  to  G.  orophijlax  and  G.  plum- 

bea; immunological  evidence  indicates  a  separation  of  about  3.8 
million  years,  or  late  Pliocene. 
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Resumen 

Ties  poblaciones  de  Gastrotheca  que  tienen  una  coloration  dor- 

sal verde  deprovista*  de  manchas  ocurren  en  los  Andes  de  Ecuador 
y  del  sur  de  Colombia.  Estas  poblaciones  difieren  entre  si  en  carac- 
teres  morfometricos,  detalles  del  patron  de  color  e  historia  natural. 

Las  ranas  en  el  sur  de  Colombia  son  asignadas  a  G.  mertensi,  y 

aquellas  en  las  laderas  del  Pacifico  (2010-3085  m)  en  Ecuador  a  G. 
plumbea.  Las  poblaciones  en  las  laderas  Amazonicas  (2620-2910  m) 
de  los  Andes  en  Ecuador  y  el  sur  colombiano  han  sido  llamadan 

G.  orophylax  en  el  presente  trabajo.  Esta  especie  se  diferencia  de 

las  otras  por  caracteres  morfometricos,  color  de  iris  y  timpano, 

ausencia  de  rayas  labiales  y  dorsolaterales,  presencia  de  piel  areo- 
latada,  flancos  de  color  verde  palida,  y  desarrollo  directo  de  los 

huevos  a  ranas  pequeiias.  Gastrotheca  orophylax  esta  mas  estrecha- 

mente  emparentada  a  G.  plumbea;  resultados  de  estudios  in- 
munologicos  muestran  que  las  dos  especies  han  estado  separadas 
por  aproximadamente  1.6  millones  de  anos.  Aparentemente  fueron 

aisladas  por  cambios  altitudinales  y  climatico-vegetacionales  asi 
como  por  el  eontinuo  levantamente  de  los  Andes  durante  el 
Pleistocene 

SPECIMENS  EXAMINED 

Gastrotheca  mertensi.— COLOMBIA:  Cauca:  Moscapan,  CM  50395-96, 
KU  181194-202,  UMMZ  121024  (holotype),  121025-28,  USNM  148567-68, 
159896-98. 

Gastrotheca  orophylax.— COLOMBIA:  Narino:  La  Victoria,  KU  140386. 
Ml  \\)OH:  Car, hi:  El  Carmelo,  KU  178569,  USNM  211177-203;  5.7  km 
\\V  El  Cannelo,  KU  178570-81,  178585-86  ( skeletons ),  180347  (young). 
Napo:  2  kin  E  Cliapli,  USNM  211207;  3  km  E  Papallacta,  KU  117981;  11  km 
I  SE  Papallacta,  KU  164243-44,  178568;  12  km  ESE  Papallacta,  KU  155469- 
70,  161212;  Santa  Barbara,  USNM  211204-05;  1  km  SW  Santa  Barbara,  USNM 
2U2(Ki. 

Gastrotheca   plumhra.— KCUAIX  >»:     .\zuay:     l,hi|.in,   AMNII    17545;  Mol- 
leturo,  ZMB  30057.  Carchi:  Atal,  near  San  Gabriel,  UMMZ  83855  (not  plotted 
  nap),  Cotopaxii  Pilal6,  KU  L32413-22,  132423  (skeleton),  142614,  178199- 
528.  Imbabura:  17.1  km  E  Apuela,  MCZ  95135;  [ntag,  HMNII  1947.2.31.19 
(holotype).  Pichincha:  5  km  ESE  Chiriboga,  KU  L64232;  9.5  km  NW  Nono, 
KU  164229-31;  old  Santo  Domingo  road,  1700  m,  UMMZ  154406. 
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ADDITIONS  TO  THE  KNOWLEDGE  OF 

HIPPOCAMELUS,  CTENOMYS  AND  MYOCASTOR 
FROM  THE  MIDDLE  PLEISTOCENE  OF  THE 

TARIJA  BASIN,  BOLIVIA 

by 

David  Frailey1,  Kenneth  E.  Campbell2,  and 
Ronald  G.  Wolff3 

The  purpose  of  this  paper  is  to  describe  and  illustrate  additional 
specimens  of  three  species  of  mammals  from  the  middle  Pleistocene 
Tarija  fauna  (age  follows  Webb,  1974)  of  southern  Bolivia.  These 
specimens  were  collected  by  us  in  December,  1976,  while  visiting 
this  classic  locality  in  the  company  of  Ing.  Bethuel  Arozqueta  of 

the  University  Museum  of  Tarija.  These  specimens  are  more  com- 
plete and  provide  better  systematic  comparisons  than  those  previ- 
ously illustrated  in  monographs  on  the  Tarija  fauna  (i.e.,  Ameghino, 

1902;  Boule  and  Thevenin,  1920). 
All  measurements  are  in  millimeters  (mm);  parentheses  indicate 

an  approximate  measurement.  The  following  acronyms  are  used: 
FMNH,  Field  Museum  of  Natural  History;  KUM,  University  of 
Kansas,  Department  of  Mammalogy;  KUVP,  University  of  Kansas, 
Department  of  Vertebrate  Paleontology. 
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SYSTEMATIC  DESCRIPTIONS 

Order  Artiodactyla  Owen,  1884 
Family  Cervidae  Gray,  1821 

Genus  Hippocamelus  Leuckart,  1816 

Hippocamelus  sp. 

Fig.  1A 

Material. — KUVP  43063,  a  nearly  complete  antler,  lacking  only 
distal  ends  of  tines. 

Locality. — Pueblo  Viejo  area,  near  Tarija,  Departamento  de 
Tarija,  Bolivia.  Specimen  was  discovered  near  top  of  exposed  sec- 

tion approximately  five  meters  beneath  the  two  ferruginous  layers 
found  in  upper  part  of  Horizon  B  of  Oppenheim  ( 1943 ) . 

Description. — When  complete,  the  anterior  tine  was  slightly 
over  half  the  height  of  the  posterior  tine.  The  two  tines  become 

vertical  in  approximately  the  first  one-third  of  their  lengths.  The 
posterior  tine  also  curves  posteriad  for  the  distal  third  of  its  length. 
The  antler  base  and  the  proximal  third  of  each  tine  is  strongly 
fluted.  These  flutings  gradually  fade  and  are  absent  on  the  distal 

third  of  each  tine.  The  antler  base  is  slightly  oval  in  cross-section, 
whereas  each  tine  is  round.  The  antler  was  shed  naturally.  Meas- 

urements of  the  base  are:  length,  40;  width,  33;  height  of  saddle 
from  burr,  42. 

Discussion. — Ameghino  (1902)  first  noted  the  presence  of  cer- 
vids  in  the  Tarija  fauna  and  identified  three  species  on  the  basis  of 
isolated  teeth.  One  of  these  was  placed  in  the  genus  Hippocamelus 

as  //.  incognitus  n.  sp.  Two  were  referred  to  Cervus  as  C.  tubcr- 
culatus  Gervais  and  Ameghino  (1880)  and  C.  perculius  n.  sp.  Boule 

and  Thevenin  ( 1920)  declared  all  three  species  identifications  in- 
determinate as  they  felt  that  only  a  familial  designation  was  reason- 

able on  the  basis  of  isolated  teeth.  They  left  the  speeifie  identi- 
fication of  Tarija  cervids  to  other  workers  and  the  recovery  of  more 

diagnostic  material. 

It  is  apparent  from  the  discussion  of  Hoffstetter  (1963)  that  two 
types  ol  deer  antlers  representing  two  genera  are  known  I  roin  Tarija 
but  he  did  not  illustrate  either.  One  antler  type  is  described  as  a 
robust  Form  of  Hippocamelus  compatible  in  size  with  the  teeth 
which  \meghino  |  1902)  referred  to  Cervus  perculius  and  C.  fuber- 
CulatUS.  The  second  antler  type  is  a  simple,  unbranching  spike  ol  a 
small  deer  lor  which  I  lollstetter  (1963)  erected  the  new  genus 
CharitOCerOS.  I  lollstetter  stated  that  the  small  size  of  this  antler  is 

more    in    keeping    with    the   size   of  the   teeth   on    which   Ameghino 
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Fig.   1. — A,  Hippocamelus  sp.,  KUVP  43063,  left  antler.    B-C,  Ctenomys 
subasscntiens,  KUVP  43051,  skull;  (B)  lateral  view;   (C)  anterior  view. 

(1902)  based  Hippocamelus  incognitus.  It  appears  then  that  at  least 

two  deer  are  present  in  the  Tarija  fauna  and  that  one  is  Hippo- 
camelus. The  excellently  preserved  antler  of  Hippocamelus  (KUVP 

43063)  substantiates  the  presence  of  this  genus  in  this  fauna.  As  the 
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antlers  of  Hippocamelus  are  known  to  be  variable  among  individ- 
uals (Pascual,  ct  ah,  1966),  and  as  readily  identifiable  specimens  of 

Hippocamelus  from  Tarija  are  rare,  it  seems  appropriate  at  this 
time  to  follow  Hoffstetter  (1963)  in  leaving  the  species  identification 
indeterminate. 

Order  Rodentia  Bowdich,  1821 
Family  Octodontidae  Waterhouse,  1839 

Genus  Ctenomys  Blainville,  1826 
Ctenomys  subassentiens  Ameghino,  1902 

Figs.  IB,  C;  2-5 

Material. — KUVP  43051,  skull  missing  the  occipital  region;  man- 
dible missing  the  right  M3  and  the  angle  of  the  right  ramus;  hu- 

merus, ulna,  radius,  two  partial  scapulae,  and  several  ribs  and 
vertebrae. 

Locality. — Pueblo  Viejo  area,  near  Tarija,  Departamento  de 
Tarija,  Bolivia.  The  specimen  was  found  near  the  top  of  the  geo- 

logic section  in  a  light  brown,  well-sorted  sand  stratum  (thickness 
1  m)  approximately  one  meter  beneath  the  ferruginous  beds  of 
Horizon  B  of  Oppenheim  (1943). 

Comparative  Recent  material. — Ctenomys  lewisi,  KUM  79399, 
FMNH  29056,  two  skulls  and  mandibles;  C.  sylvanus,  KUM  79402, 
79403,  two  skulls  and  mandibles;  C.  mendocina,  KUM  79400,  79401, 
two  skulls  and  mandibles;  C.  torquatus,  KUM  79404,  79406,  two 
skulls  and  mandibles,  FMNH  44813,  skull,  mandible,  forelimb 
elements. 

Description. — The  skull  is  characterized  by  having  (1)  sturdy 
construction;  (2)  cranium  with  dorsal  part  essentially  flat  with  slight 

depressions  along  the  interparietal  suture,  anterior  part  of  the  inter- 
nasal  suture,  and  transversely  across  frontals;  (3)  nasal-frontal, 
maxillary-frontal,  and  intcrfrontal  sutures  deeply  interfingered;  (4) 
breadth  of  premaxillaries  as  great  as  brainease:  (5)  premaxillac 
bowed  laterally  and  heavily  rugose  at  exit  of  incisors;  (6)  external 
nares  forming  a  triangular  opening;  (7)  anterior  margin  of  the 
origin  of  M.  inasseter  medial  is,  pars  anterior  (terminology  of  Woods, 
1972)  strongly  defined  as  the  skull  narrows  sharply  at  this  point; 

(8)  post-orbital  processes  large,  rugose,  and  each  extending  forward 
to  unite  with  the  infraorbital  foramen  bridge;  (9)  sagittal  crests 

clearly  evident  and  lyre-shaped;  (10)  lambdoidal  crest  high,  as  wide 
as  inner  margins  of  the  zygomatic  arch,  and  at  a  right  angle  to  the 
long  axis  of  the  skull;  (11)  occiput  missing  on  the  fossil,  but  was 
apparently  vertical;  (12)  large  paroccipital  process;  (13)  zygomatic 
;ii'  Iks  heavy  and  flaring  widely  with  the  postorbital  process  large 
and  Strongly  triangular  thus  giving  the  base  of  the  orbit  an  angular, 
rather  than  round,  ventral  margin;  (14)  infraorbital  bridge  of  the 
maxillary  constricted  by  a  groove  at  the  base  of  the  lacrimal,  and 
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20mm i 

Fig.   2. — Ctenomys  subassentiens,   KUVP  43051,   skull:    (A)    dorsal  view; 
( B )  palatal  view. 

passing  as  a  thin  extension  anterior  to  the  lacrimal  until  it  meets  the 

premaxillary  and  frontal  above  the  lacrimal;  (15)  jugal  deep  dorso- 
ventrally,  with  deeply  sculpted  fossae. 

The  upper  incisors  are  proodont,  flat  anteriorly,  rounded  pos- 
teriorly, and  wide.  They  are  not  in  their  normal  position  in  that 

they  are  not  closely  appressed  and  meet  only  at  the  tips,  with  the 
left  incisor  pressed  to  the  right  distally  and  the  right  incisor  vertical. 

The  P4-M-  are  characteristically  kidney-shaped,  with  P4  the  largest 
tooth  and  M1  and  M-  progressively  smaller.  The  Ms  is  cylindrical, 
with  a  faint  indication  of  the  kidney-shaped  cross-section  of  the 
other  upper  teeth.  The  right  M:!  was  displaced  in  life,  possibly 
causing  the  anomalous  positioning  of  the  incisors  and  greater  wear 
on  the  left  tooth  rows. 

The  mandible  is  characterized  by  having  (1)  very  sturdy  con- 
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Fig.   3. — Ctenomys  subassentiens,   KUVP  43051,   mandible:    (A)    occlusal 
view;  (B)  ventral  view. 

Struction;  (2)  bone  around  exit  of  incisors  thick  and  rugose,  espe- 
cially on  dorsal  surface;  (3)  incisors  projecting  approximately  14  mm, 

equal  to  upper  incisors;  (4)  mandibular  foramen  positioned  high  on 
the  ascending  ramus  near  origination  of  incisors;  (5)  masseteric 

ridge  extending  antcriad  to  a  point  below  anterior  edge  of  Mo. 
The  scapula  is  characterized  by  being  narrow  and  having  (1) 

blade  spreading  gradually  from  the  glenoid;  (2)  eoracoid  process 
long,  flat,  and  parallel  to  long  axis  of  the  scapula;  (3)  spine  arising 

near  anterior  border;   (4)   glenoid  fossa  egg-shaped. 
The  humerus  is  characterized  by  having  (1)  greater  tubercle 

with  height  less  than  that  of  head  of  humerus  and  continuous  with 

deltoid  Crest;  (2)  deltoid  crest  extending  distal  to  midpoint  of  shaft 

where  it  terminates  in  a  prominent  node.  The  distal  end  is  damaged 

on  specimen  kl'YP  43051,  but  enough  remains  to  indicate  that  it 
was  wide  and   Hat. 

The  ulna  and  radius  are  both  characterized  by  being  (1)  gently 
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Fig.  4. — Ctenomys  subassentiens,  KUVP  43051:  (A-C),  left  scapula;  (A), 
dorsal  view;  (B),  glenoid  fossa,  anterior  aspect  of  scapula  faces  up;  (C), 

ventral  view.  D-H:  left  humerus;  (D),  proximal  end,  anterior  faces  down; 
(E),  anterior  view;  (F),  medial  view;  (G),  posterior  view;  (H),  lateral  view. 

sinuous  in  both  anterior  and  lateral  views;  and  (2)  each  having 
prominent  oval  interosseous  crests.  They  are  appressed  distally  for 

approximately  one-third  the  length  of  the  ulna.  Radius  is  grooved 
and  ulna  has  a  corresponding  ridge  to  facilitate  close  contact  in  the 
appressed  area.  Proximal  half  of  shaft  of  radius  is  triangular  in 

cross-section,  but  distal  half  is  more  rectangular  as  a  result  of  the 
aforementioned  groove.  Lateral  styloid  process  and  distal  end  of 
ulna  are  missing,  and  distal  epiphysis  of  radius  was  unfused  at 
death  and  is  now  lost. 

These  postcranial  elements  are  similar  in  many  respects  to  those 
of  Recent  species  of  Ctenomys  although  they,  like  the  skull  and 
mandible,  exhibit  a  robustness  and  large  size  unlike  any  living 
species. 

Measurements  are  as  follows.  All  cranial  measurements  in  this 

paper  follow  the  guidelines  of  DcBlasc  and  Martin  (1974).  Skull: 
basal  length,  (50);  basilar  length,  (44);  condylobasal  length,  (52); 
occipitonasal  length,  46.6;  greatest  length  of  skull,  50.9;  breadth  of 
braincase,  18.6;  least  interorbital  breadth,  14.9;  mastoid  breadth, 

29.8;  postorbital  constriction,  12.8;  widest  rostral  breadth,  17.4;  zy- 
gomatic width,  35.0;  nasal  length,  17.2;  nasal  width,  9.9;  tympanic 

bullae  length,  15.8;  tympanic  bullae  width,  at  stylomastoid  process. 
6.7;  diastema  length,  14.5;  maxillary  tooth  row  length,  12.6;  palatal, 
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*G 

Fig.  5. — Ctenomys  subassentiens,  KUVP  43051:  (A-C),  left  radius  and 
ulna:  (A),  medial  view;  (R),  posterior  view;  (C),  lateral  view.  (D),  ulna, 
anterior  view.  E-F.  radius:  (E),  anterior  view;  (F),  posterior  view;  (C), 
proximal  end,  anterior  laces  up. 

length,  26.1;  palatal  width  between  alveoli  of  P4's,  1.7;  palatal  width 
between  alveoli  of  Mrs,  5.2;  I1,  width,  4.1;  depth,  3.8;  Pl,  greatest 
length,  4.5;  M\  greatest  length,  4.0;  M-,  greatest  length,  3.4;  M3, 
greatest  length,   1  .(>. 

Mandible!  mandibular  diastema,  9.6;  mandible  length,  38.3; 
?4  M8  length,  12.2;  I,,  greatest  width,  4.1;  I,  greatest  depth,  3.6; 

l'i,  greatest  length  4.5;  M,,  greatest  length,  4.2;  M-,  greatest  length, 
3.7;  M.,,  greatest  length,   1.2. 

Scapula:  width  (antero-posterior)  of  neck,  4.3;  glenoid  length, 
8.1;  glenoid  width,  4.3.  Humerus:  length,  31.0;  width  of  head  across 
trochanters,   8.8;    depth    (anteroposterior)    of  head,  6.5;   width  of 
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shaft  at  deltoid  crest,  3.9;  depth  of  shaft  (including  deltoid  crest), 

6.7.  Ulna:  length,  (37);  depth  ( antero-posterior )  at  interosseous 
tubercle,  4.3;  depth  (antero-posterior)  at  semilunar  notch,1 3.9.  Ra- 

dius: length  (minus  distal  epiphysis),  25.4. 

Discussion. — Ameghino  ( 1902 )  described  three  new  species  of 
Ctenomys  from  the  Tarija  Basin.  Later,  Boule  and  Thevenin  ( 1920) 
synonymized  these  under  the  name  C.  subassentiens,  commenting 
that  a  detailed  comparison  with  living  species  of  Ctenomys  was 

needed  in  order  to  justify  the  validity  of  this  fossil  species.  How- 
ever, productive  osteological  comparisons  with  Recent  species  of 

Ctenomys  require  stability  in  the  classification  of  the  Recent  species. 
At  present  the  taxonomy  of  Ctenomys  is  in  a  state  of  flux,  with 
approximately  65  described  species,  many  of  which  are  thought  to 
be  local  variants  ( Reig,  et  al.,  1965 ) .  As  far  as  we  know,  a  revision 
of  the  Ctenomyinae  is  not  forthcoming  and  it  appears  best  to  retain 
provisionally  the  name  C.  subassentiens  for  the  fossils  at  Tarija. 

The  skull  of  Ctenomys  subassentiens  typifies  the  features  of  a 

tooth-burrowing  rodent  (as  recognized  by  Agrawal,  1967)  to  a 
greater  extent  than  any  of  the  living  species  examined.  These  tooth- 
burrowing  adaptations  include  proodont  incisors,  protruding  pre- 
maxillae,  a  dorsally  flattened  skull  with  a  prominent  lambdoidal 
crest,  and  stout,  wide  zygomatic  arches.  In  C.  leivisi  these  features 
are  less  marked  but  yet  clearly  evident  and  are  found  in  conjunction 
with  heavy  claws  on  the  forefeet,  indicating  that  C.  leivisi  is  readily 

capable  of  both  tooth-burrowing  and  forelimb-burrowing.  The 
sturdy  development  of  the  forelimbs  of  C.  subassentiens  suggests 
that  it  was  also  capable  of  forelimb  burrowing.  Those  species 

which  do  not  possess  the  striking  skull  modifications  for  tooth- 
burrowing,  such  as  C.  torquatus,  C.  sylvanus,  and  C.  mendocino, 
also  have  longer,  more  slender  claws  than  does  C.  leivisi.  It  may  be 
that  the  compaction  of  the  soil  where  each  species  lives  determines 
to  a  large  extent  whether  the  species  will  burrow  with  relatively 
light  claws  or  require  strong  claws  and  the  use, of  its  incisors.  Weir 
(1974)  states  that  Ctenomys  burrows  exclusively  with  the  feet  and 
that  the  incisors  are  rarely  used,  and  then  only  for  clearing  away 
roots  which  are  protruding  into  the  burrow.  An  opposing  opinion  is 
expressed  by  Walker,  et  al.  (1975)  who  state  that  the  incisors,  and 
not  the  forefeet,  are  used  to  loosen  the  earth  in  burrowing.  These 
contradictory  observations  are  possibly  based  on  different  species,  as 
both  burrowing  types  are  present  in  the  genus  although  differing  in 
expression  among  the  numerous  species. 

Family  Myocastoridae  Miller  and  Gidley,  1918 
Genus  Myocastor  Kerr,  1792 

Myocastor  perditus  (Ameghino,  1902 ) 
Figs.  6,  7 
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Material — KUVP  43052,  partial  skull  with  upper  incisors  and 

right  and  left  M  rs,  partial  mandible  with  complete  lower  dentition; 
KUVP  43053,  partial  skull  with  complete  upper  dentition,  left  M1 
displaced;  KUVP  43054,  isolated  left  P4  and  right  M1. 

Localities. — KUVP  43052:  San  Bias  area  near  Tarija,  Departa- 
mento  de  Tarija,  Bolivia.  Specimen  was  discovered  near  the  top  of 
the  exposed  section  in  a  fine  sandy  clay  stratum  just  below  a  thin 
(less  than  4  mm)  layer  of  hardpan  and  approximately  20  m  above 
a  thick  (approximately  1  m)  ash  layer;  KUVP  43053  and  43054  from 
approximately  5  km  south  of  Tarija,  name  of  the  area  unknown. 

Comparative  Recent  material. — Myocastor  coypus,  KUM  59551, 
partial  skull  and  mandible;  KU  Zool  unnumbered,  skull;  FMNH 
25257-8,  skulls  and  mandibles;  FMNH  27659,  skull  and  mandible, 
juvenile. 

Description. — The  cranial  specimens  of  Myocastor  perditus  from 
Tarija  are  fragmentary,  but  in  at  least  one  specimen,  KUVP  43053, 
the  incisors  and  tooth  rows  are  in  their  natural  positions.  On  this 
specimen  a  small  portion  of  the  zygomatic  arch  is  preserved  near 

the  right  P4;  it  is  relatively  large  for  the  size  of  the  teeth  as  com- 
pared with  the  living  species,  M.  coypus.  The  width  of  the  arch 

(measured  at  a  distance  5  mm  lateral  to  labial  edge  of  M1)  exceeds 
the  length  of  M:J,  whereas  in  M.  coypus  the  reverse  is  true.  The 
upper  incisors  of  M.  perditus  originate  above  the  P4,  and  their  cur- 

vature has  a  greater  radius  than  in  M.  coypus.    The  upper  tooth 

-r. 

*>- 

I  i...  B.  -Myocastor  perditus,  KUVP  43053,  partial  skull:  (A),  palatal  view; 
'  B  ),  lateral  view, 
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rows  diverge  posteriorly  at  a  greater  angle  than  do  those  of  M. 
coypus.  The  enamel  patterns  of  the  upper  teeth  are  basically  similar 
between  the  Recent  and  fossil  fonns,  with  minor  variations  present 
on  KUVP  43053  but  not  on  KUVP  43054.  On  KUVP  43053  the 

paraflexus  becomes  separated  as  a  fossette  first  and  is  followed  by 
the  metaflexus.  In  the  modern  specimens  and  in  KUVP  43054  the 
opposite  sequence  occurs.  The  metafossette  of  KUVP  43053  is 
strongly  bent  whereas  that  of  M.  coypus  and  KUVP  43054  have  a 
lesser  twist. 

The  mandible  of  the  Tarija  Myocastor  (KUVP  43052)  has  a 
much  heavier  masseteric  ridge  than  that  of  the  living  species;  the 

symphyseal  region  parallels  the  incisors  (there  is  a  postero-dorsad 
extention  of  the  symphysis  in  M.  coypus);  and  the  lower  incisors, 
like  the  uppers,  are  less  curved.  The  lower  teeth  appear  to  be  more 
elongate  than  those  of  M.  coypus.  On  the  lower  teeth  of  the  Tarija 
specimens,  five  fossettids  are  formed  on  P4,  and  four  each  on  Mi_3. 
The  external  flexid  is  the  last  to  form  a  fossettid. 

Measurements  are  as  follows  (KUVP  numbers  in  parentheses): 

F-M3  (43053),  68.0;  width  of  F  (43053),  6.2;  (43052),  5.6;  depth 
of  P  (43053),  6.5;  (43052),  6.5.  Length  and  width  of:  P4  (43053), 
5.5,  5.2;  M1  (43053),  6.7,  6.6;  M2  (43053),  7.9,  7.0;  M3  (43053),  8.5, 

7.1;  (43052),  8.2,  7.3.  Palatal  width  at  P4's  (43053),  1.0;  palatal 
width  at  M3's  (43053),  11.9;  maxillary  tooth  row  length  (43053), 
28.2.  Mandibular  diastema  (43052),  (12);  P^Mx  length  (43052), 
(32.5);  Ix  width  (43052),  6.4;  Ij  depth  (43052),  5.3.  Length  and 
width  of:  P4  (43052),  7.0,  4.2;  Mx  (43052),  6.9,  4.8;  M2  (43052), 
8.0,  5.4;  M3  (43052),  9.8,  5.9. 

Discussion. — Three  isolated  teeth  of  a  rodent  allied  with  Myo- 
castor were  reported  from  the  Tarija  fauna  by  Ameghino  (1902), 

for  which  he  erected  the  name  Matyoscor  perditus.  With  a  com- 
plete lower  dentition  at  their  disposal,  Boule  and  Thevenin  ( 1920) 

synoriymized  Matyoscor  perditus  with  the  living  species,  Myocastor 
coypus.  Lacking  additional  specimens,  Hoffstetter  (1963)  followed 
Boule  and  Thevenin.  The  Tarija  species  differs  from  Myocastor 
coypus,  however,  by  having  (1)  the  incisors  less  curved;  (2)  the 
zygomatic  arch  heavier;  (3)  the  cheek  teeth  diverging  posteriad  at 
a  greater  angle;  and  (4)  the  mandible  with  a  heavier  masseteric 
ridge.  It  seems  probable  that  the  Myocastor  at  Tarija  is  in  fact  a 
distinct  species,  for  which  the  species  name  perditus  (Ameghino), 
should  be  resurrected. 

Summary 

New  specimens  of  Hippocamelus  sp.,  Ctenomys  sid)assentiens, 
and  Myocastor  perditus  from  the  middle  Pleistocene  deposits  of 
Tarija,  Bolivia,  are  described.  An  excellently  preserved  antler  of 
Hippocamelus  substantiates  the  recognition  of  this  genus  in  the 
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I ■„..  7     Myocastot  perditus,  KUVP  43052.  (A),  occlusal  view  of 
 mandible; 

lateral  viev  oi  mandible;  (B),  partial  skull  with  M»  s. 
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fauna  by  Hoffstetter  (1963),  although  the  species  is  evidently  not 
that  originally  described  as  Hippocamelus  incognitus  by  Ameghino 
(1902). 

A  complete  skull  and  mandible  associated  with  a  partial  skeleton 
of  Ctenomys  subassentiens  permits  a  more  thorough  discussion  of 
this  species  than  was  previously  possible.  This  species  has  a  number 

of  characters  which  are  associated  with  tooth-burrowing  in  rodents. 
Some,  but  apparently  not  all,  living  species  of  Ctenomys  also  have 

skull  modifications  for  tooth-burrowing,  but  none  exhibit  the  same 
degree  of  development  of  these  characters  as  does  C.  subassentiens 
from  Tarija. 

Two  partial  skulls  and  a  mandible  of  Myocastor  perditus  indi- 
cate that  this  species  is  in  fact  distinct  from  the  living  coypu, 

Myocastor  coy  pus,  in  contradiction  to  the  conclusions  of  Boule  and 
Thevenin  ( 1920 )  and  Hoffstetter  ( 1963 ) .  The  specimens  referred 

to  M.  perditus  have  more  robust  cranial  features,  with  heavier  zygo- 
matic arches  and  masseteric  ridges,  and  tooth  rows  which  diverge 

at  a  greater  angle,  than  those  of  the  modern  species. 
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REPRODUCTIVE  BIOLOGY  OF  LIZARDS  ON  THE 
AMERICAN  SAMOAN  ISLANDS 

By 

Terry  D.  Schwaner1 

The  reproductive  biology  of  most  lizards  is  poorly  known.  This 
is  particularly  true  for  tropical  species,  and  most  especially  for  island 
populations  in  the  Pacific  region  (Brown,  1956;  Inger  and  Green- 
berg,  1966;  Fitch,  1970;  Duellman,  1978).  This  study  concerns 
certain  aspects  of  the  reproductive  biology  of  12  species  of  lizards 
on  the  tropical  Pacific  islands  of  American  Samoa.  There  are  no 
published  studies  describing  lizard  reproduction  on  these  islands. 
The  species  accounts  presented  herein  summarize  basic  data  on 

male  and  female  sizes  (snout- vent  lengths)  at  reproductive  matu- 
rity, clutch  sizes,  descriptions  of  eggs,  incubation  periods,  and 

hatchling  sizes.  Data  on  some  species  are  sufficient  to  suggest  re- 
lationships between  climatic  variables  and  monthly  frequencies  of 

fecund  and  ovigerous  females  and  to  indicate  patterns  in  annual 
reproductive  activity.  Reproductive  modes  for  these  and  other  spe- 

cies are  summarized  from  the  basic  observations  and  discussed  in 

terms  of  reproductive  strategies  (Tinkle,  et  al.,  1970;  Duellman, 
1978). 

Limitations  of  data  include:  (1)  size  at  maturity  for  males  was 
estimated  from  measurements  of  testes  lengths  and  the  presence  of 
enlarged  convoluted  tubules  in  freshly  preserved  specimens,  not 
from  sections  or  smears  of  testicular  tissue  from  which  the  presence 
of  viable  sperm  can  be  detected;  (2)  small  samples  for  a  few 

species  do  not  always  reflect  the  full  range  of  snout- vent  lengths 
from  hatchlings  to  adults;  and,  (3)  samples  were  not  taken  during 

all  months  of  the  year,  and  sample  sizes  for  any  given  month  repre- 
sent the  total  collections  from  several  habitats  and  islands. 

1  Museum  of  Natural  History,  University  of  Kansas,  Lawrence,  KS  66045. 
Present  address:  The  South  Australian  Museum,  Adelaide  5000,  South  Australia. 
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Previous  studies  have  shown  that  monthly  samples  are  essential 
for  detecting  annual  reproductive  cycles  in  temperate  areas  with 
marked  fluctuations  in  mean  monthly  temperatures  and  rainfall 
(Fitch,  1954,  1956;  Fitch  and  Greene,  1965;  Mount,  1963;  Tanner, 
1957;  Tinkle,  1961,  1967;  and  others).  Similarly,  monthly  samples 
are  necessary  in  equatorial  tropical  areas  where  temperatures  re- 

main relatively  constant,  but  where  fluctuations  in  precipitation 
apparently  dictate  corresponding  seasonality  in  the  reproductive 
conditions  of  lizards  (Sexton,  et  al.,  1971;  Fitch,  1973;  Ruibal,  et  al, 
1972;  Brown  and  Sexton,  1978;  Andrews  and  Rand,  1974;  Gorman 
and  Licht,  1974;  Crump,  1974;  and,  Duellman,  1978).  Alternatively, 
reproductive  patterns  in  lizards  are  relatively  aseasonal  in  areas 
where  both  temperatures  and  rainfall  are  constant  year  round 

(Inger  and  Greenberg,  1966).  I  will  demonstrate  the  marked  con- 
stancy of  annual  temperature  and  rainfall  in  American  Samoa  and 

present  correlations  among  these  variables  and  other  climatic  pa- 
rameters with  the  monthly  frequencies  of  reproductive  activity 

among  certain  lizard  species.  Following  the  evidence  of  Inger  and 

Greenberg  (1966),  if  annual  climatic  patterns  are  relatively  con- 
stant, there  should  be  little  seasonality  in  the  reproductive  activity 

of  lizards  in  American  Samoa. 

In  discussing  the  reproductive  strategies  of  lizards  in  American 

Samoa,  I  recognize  Wilbur,  Tinkle  and  Collins's  (1974)  list  of 
components  to  a  life  history  study.  These  are  clearly  summarized 
in  Duellman  (1978)  as  follows:  (1)  mortality  schedules  of  juveniles 

and  adults,  (2)  age  at  first  reproduction,  (3)  reproductive  life-span, 
(4)  fecundity  (including  number  and  size  of  eggs,  frequency  of 

deposition,  and  proportion  of  females  breeding),  (5)  the  fecundity- 
age  regression,  (6)  degree  of  parental  care,  and  (7)  reproductive 
effort.  My  data  partially  satisfy  components  2,  4,  5,  6  and  7,  but 
are  insufficient  for  the  others. 

As  an  index  of  reproductive  effort  I  have  used  the  ratio  of 
clutch  weight  (wet  weight  of  oviducal  complement  in  preservative) 
over  total,  wet  body  weight  and  converted  the  mass  ratios  to  caloric 
ratios  using  the  formula  of  Vitt  (1978),  Cc/Ct  =  1.2905  (WWC/ 
WW,)  -|-  0.0640,  where  Cc./Ct  is  the  caloric  ratio  (clutch  calories/ 
total  body  -f  clutch  calories),  WWC  is  wet  weight  of  clutch,  and 
WWt  is  wet  weight  of  total  body  -f-  clutch.  These  indices  and  the 
evidence  for  annual  reproductive  activity  are  compared  among  cer- 

tain coexisting  species  of  Emoia  in  American  Samoa.  The  results 
arc  discussed  in  terms  of  the  two  generally  recognized  reproductive 
strategies  in  lizards  (Tinkle,  et  al,  1970;  Duellman,  1978):  (1) 
early  maturing  species  with  annual  multiple  broods,  and  (2)  late 

maturing  species  with  single  broods  annually.  Three  (non-exclusive) 
views  attempting  to  account  for  the  evolution  of  these  strategies  are 
(1)  that  early  maturing  species  with  multiple  clutches  are  primarily 
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tropical,  oviparous  taxa  with  smaller  clutch  sizes  adjusted  by  higher 

intraspecific  competition  (Tinkle,  et  al.,  1970),  (2)  that  more  fre- 
quent and  smaller  clutches  in  tropical  lizards  (notably  Anolis)  is  an 

adaptation  to  their  more  arboreal  habits  ( an  argument  extended  to 
the  family  Gekkonidae,  numerous  arboreal  species  of  which  almost 
always  have  one  or  two  egges  per  clutch,  Andrews  and  Rand,  1974), 
and  (3)  that  body  shape,  foraging  activity,  escape  mechanisms  and 
other  aspects  of  lizard  ecology  predict  clutch  size  in  ecologically 
similar  species  ( Vitt  and  Congdon,  1978 ) .  Duellman  ( 1978 )  offered 
a  more  balanced  view  and  equated  overall  reproductive  effort  for 
species  with  low  clutch  sizes  and  multiple  broods  and  species  with 

high  clutch  sizes  and  single  broods,  depending  on  the  overall  sur- 
vivorship of  eggs,  young,  and  gravid  females,  annually,  in  any  given 

environment.  His  view  is  that  the  two  reproductive  strategies  have 
general  correlations  with  aseasonal  and  seasonal  environments,  re- 

spectively, but  that  numerous  exceptions  reflect  differences  in  com- 
plexity of  the  overall  environment  of  the  individual  species,  which 

in  turn  affects  all  of  the  components  suggested  by  Wilbur,  et  al., 
(1974). 

Data  for  the  species  in  American  Samoa  presented  herein  offer 
interesting  comparisons  with  these  views,  for,  although  relatively 
few  species  are  found  on  these  islands,  the  lizard  fauna  has  been 

assembled  from  non-endemic,  rafting  colonizers  with  notably  differ- 
ent ecologies  (Schwaner,  1979). 

Materials  and  Methods 

The  distribution  of  lizards  in  American  Samoa  is  discussed  by 
Amerson,  et  al.,  (1978),  and  Schwaner  (1979);  major  collecting 
localities  for  specimens  reported  herein  may  be  found  in  these 

references.  The  twelve  species  in  American  Samoa  are  non-endemic, 
widespread  lizards  on  islands  throughout  the  Pacific  area  and  else- 

where. Some  species  are  among  those  lizards  with  the  greatest 
known  geographic  distributions. 

A  total  of  2047  specimens  was  examined  during  this  study;  in- 
dividual reproductive  data  was  obtained  by  dissection  of  preserved 

material.  Field  caught  individuals  were  preserved  in  10%  formalin 
and  later  transferred  to  70%  ETOH.  External  measurements  were 

taken  with  vernier  calipers  or  a  millimeter  rule  on  preserved  speci- 
mens only  (except  for  a  small  series  of  Emoia  cyanura  which  were 

weighed  on  a  5  gm  Pesola  spring  balance  in  the  field  prior  to 

preservation ) .  Snout- vent  length  to  the  nearest  0.5  mm  was  meas- 
ured ventrally  as  the  distance  from  the  anterior  edge  of  the  cloaca 

to  the  tip  of  the  snout.  The  body  cavity  was  opened  by  midventral 
or  lateral  incision  and  the  following  data  recorded:  (1)  sex,  (2) 
reproductive  condition  of  ovaries  and  oviducts,  or  testes,  (3)  num- 

ber and  length  (greatest  diameter)  of  all  developing  ova,  oviducal 
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eggs,  and  testes  to  the  nearest  0.1  mm,  and  (4)  wet  weight  (to  the 
nearest  0.1  gm)  of  the  entire  clutch  complement  and  combined 
weight  of  clutch  and  body  of  ovigerous  females. 

Reproductive  status  was  judged  as:  (1)  immature,  for  hatch- 
lings  and  males  with  small,  undeveloped  testes  (  <  2.0  mm),  lack- 

ing convoluted  tubules,  or  females  with  small  whitish  ova  (usually 
less  than  1.0  or  2.0  mm  in  size)  and  narrow  oviducts,  (2)  maturing, 
for  males  with  slightly  enlarged  testes  (>  2.0  mm),  lacking  well 

developed  convoluted  tubules,  and  for  females  with  enlarged,  yel- 
lowish, developing  ova  (fecund),  without  noticeably  distended 

oviducts,  ( 3 )  mature,  for  males  with  enlarged  testes  and  convoluted 
tubules,  and  females  with  oviducal  eggs  (ovigerous),  and  (4)  old 
mature,  for  males  in  similar  condition  to  (3),  but  with  greatly 
enlarged  and  vasculated  testes,  and  for  females  with  greatly  en- 

larged oviducts,  and  small  developing  ova  (recently  spent).  These 
categories  are  rather  arbitrarily  defined,  but,  they  facilitate  an 
orderly  separation  of  males  and  females  into  age  (size)  classes  of 
recognizable  reproductive  condition. 

Clutches  of  eggs,  when  found  in  the  field,  were  placed  in 
loosely  tied  plastic  bags  with  some  of  the  substrate  on  which  they 
were  found;  if  the  nest  material  was  moist,  it  was  occasionally 

sprinkled  with  water  so  as  to  maintain  moisture  levels  during  in- 
cubation of  the  eggs.  For  gecko  eggs  the  nesting  substrate  was 

usually  dry,  so  eggs  were  loosely  covered  in  dry  paper  toweling 

before  placing  in  plastic  bags.  Laboratory  temperatures  during  in- 
cubation approximated  ambient  air  temperatures  in  shade  during 

the  day  (24°-26°C),  and  were  probably  slightly  lower  than  those 
in  the  field.  Most  hatchlings  were  photographed  and  preserved 
immediately,  but  some  (Emoia  nigra)  were  maintained  alive  on  a 
diet  of  small  insects  for  several  weeks  to  ascertain  changes  in  color 

pattern. 

Results 

Emoia  nigra 

Tin's  large  diurnal  skink  was  caught  on  the  ground  (where  it 
forages  widely),  and  on  tree  trunks  (where  it  basks)  within  3  m  of 
the  ground.  At  night  I  found  two  individuals,  one  under  a  rock 
and  another  in  an  epiphytic  fern  about  2  m  from  the  forest  floor. 

Males. — The  194  specimens  have  snout-vent  lengths  of  41-121 
mm  (Fig.  1).  Individuals  less  than  <S0  nun  generally  have  small, 
whitish  testes  (usually  below  5.0  mm  in  length)  lacking  enlarged 
convoluted  tubules.  Testes  sizes  For  individuals  with  snout-vent 
lengths  greater  than  90  nun  deviate  noticeable  upward  (exponen- 

tially)  from  a  regression  line  fitted  to  individuals  less  than  90  mm 
in  length  (Fig.  2;  Y  0.11  X-3.90,  r  =  .53,  p  <  .001).  Testes  of 
most  individuals  above  90  mm  are  heavily  convoluted  and  highly 
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REPRODUCTIVE  CONDITION 

Fig.  1. — Reproductive  condition  and  snout-vent  length  (SVL  in  mm)  of 
Emoia  nigra  from  islands  of  American  Samoa.  Reproductive  conditions:  (1) 
immature,  (2)  maturing,  (3)  mature,  (4)  old  mature  (see  text  for  further 
explanation).    Solid  circles  are  males;  hollow  circles,  females. 

vasculated.  Males  with  enlarged  testes  were  found  during  all 
month  of  the  study  indicating  that  they  are  reproductively  active 
throughout  the  year. 

Females. — Of  223  females  having  snout-vent  lengths  of  42-114 
mm,  the  smallest  fecund  female  ( developing  ova  >  5.0  mm )  is  86 
mm  and  the  smallest  with  oviducal  eggs,  89  mm  ( Fig.  1 ) .  Thus  the 
size  at  sexual  maturity  for  female  E.  nigra  appears  to  be  86-89  mm. 

Mean  clutch  size,  based  on  86  fecund  and  31  ovigerous  females, 
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130 
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Fig.  2. — Testes  length  versus  snout-vent  length  (in  mm)  for  male  Emoia 
nigra  from  American  Samoa.  Dots  form  a  size  gradient  representing  one 
(smallest)  to  five  (largest)  individuals.  Regression  line  fitted  by  least  squares 
method  to  data  points  below  90  mm  SVL. 

and  three  dutches  found  in  the  field,  is  2.32  (range  =  2-4).  There 
is  a  slight,  but  non-significant  increase  in  clutch  size  with  female 
snout-vent  length  (Fig.  3A).  A  few  large  females  (  >  100  mm  SVL) 
had  only  one  egg  (all  with  thick  leathery  shells)  and  could  have 

laid  an  egg  or  two  just  prior  to  capture.  These  data  confirm  Greer's 
|  L968)  note  on  clutch  sizes  of  10  gravid  E.  nigra.  The  diameters  of 
84  oviducal  eggs  measured   13.5-22.1   mm   (X  =   19.0  mm)  and 
closely  approximated  the  length  x  width  of  freshly  laid  eggs  (X  = 
19.2  x   L3.5  mm.  range         18.0-20.0  x  12.5-15.0  mm,  n  =  7). 

I ik nbating  eggs  of  /'-'.  nigra  swell  in  size,  presumably  by  absorb- 
ing  water,  and  are  3-4  mm  larger  in  length  and  width  (X  =  22.0  x 
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Fig.  3. — Clutch  size  versus  body  size  for  (A)  Emoia  nigra,  (B)  E.  samocnse, 
(C)  E.  lawesii,  (D)  E.  adspersa,  (E)  E.  ctjanura,  (F)  Gehyra  oceanica,  (G) 
Crytodactylus  pelagicus  from  islands  of  American  Samoa.  Clutch  size  based  on 
ovigerous  and  fecund  females.    Dots  represent  individual  lizards. 
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18.0  mm,  n  =  7)  at  hatching  than  at  partuition.  Eggs  not  placed 
on  moist  soil  or  paper  toweling  shriveled  and  failed  to  hatch  under 
laboratory  conditions. 

Three  clutches  of  eggs  were  taken  from  a  birdnest  fern 

(Asplenium  nidis,  Polypodiaceae)  and  under  rotting  stumps  of  coco- 
nut trees.  Times  from  collection  to  hatching  are  30-65  days;  as  a 

conservative  estimate,  two  months  is  probably  the  usual  incubation 
time  for  eggs  in  the  field. 

Hatchlings  have  snout- vent  lengths  34.0-41.0  mm  (X  =  39.1, 
n  =  10)  and  differ  markedly  from  juveniles  and  adults  in  color  pat- 

tern (Schwaner,  1979).  In  one  hatchling  reared  in  the  laboratory, 
the  pattern  began  to  change  in  about  two  weeks  and  after  three 

weeks  the  individual  was  indistinguishable  in  color  pattern,  al- 
though smaller  in  size,  from  most  juveniles  and  young  adults  col- 

lected in  the  field. 

Emoia  samoense 

This  large  diurnal  skink  was  caught  primarily  on  tree  trunks  and 
in  low  vegetation  (where  it  forages  and  basks)  from  near  ground 
level  to  several  meters  above  the  ground.  None  was  observed  at 
night,  but  several  individuals  were  seen  perched  in  trees  at  sunrise 
and  sunset. 

Males. — The  116  specimens  have  snout- vent  lengths  of  66-118 
mm  (Fig.  4).  Individuals  less  than  90  mm  generally  have  small 
whitish  testes  (below  4.0  mm  in  length)  lacking  enlarged  convo- 

luted tubules;  specimens  90-100  mm  snout-vent  length  have  slightly 
enlarged  testes.  Reproductively  active  males  greater  than  about  95 

mm  snout-vent  length  deviate  noticeably  upward  from  a  regression 
line  fitted  to  individuals  less  than  95  mm  in  length  (Fig.  5;  Y  = 

0.1X-4.78,  r=  .63,  p  <  .001).  Testes  sizes  for  individuals  above  95 
mm  snout- vent  length  cluster  near  8.0-9.0  mm;  thus,  males  probably 
mature  about  90  mm  snout- vent  length.  Males  with  enlarged  testes 
were  found  during  all  months  of  the  study,  suggesting  that  repro- 

ductive activity  probably  is  year  round. 

Females. — Of  81  females  having  snout-vent  lengths  of  71-114 
mm,  the  smallest  fecund  female  (developing  ova  >  4.0  mm)  is  84 
mm  and  the  smallest  with  oviducal  eggs,  95  mm  (Fig.  4).  Thus,  the 

size  at  sexual  maturity  of  female  E.  samoense  is  probably  84-95  mm. 
Mean  clutch  size,  based  on  20  fecund  and  10  ovigerous  females, 

is  5.3  (range  =  4-7).  There  is  a  significant  increase  in  number  of 
oviducal  eggs  with  female  snout-vent  length  (r  =  .68,  p  <  .05,  Fig. 
3B).  Greer  (1968)  examined  a  single  gravid  E.  samoense  with  5 

Oviducal  eggs.  The  diameters  of  58  oviducal  eggs  measured  8.6-14.5 
mm  (X  —  12.3  nun);  average  egg  length  x  width  at  partuition  is 
14.5  x  9.5  inn i  (range  =  14.0-15.0  x  9.0-10.0  mm,  n  =  2).  These 
eggs  also  swell  in  size  dining  incubation;  at  hatching  one  egg  meas- 
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REPRODUCTIVE  CONDITION 

Fig.  4. — Reproductive  condition  and  snout-vent  length  (in  mm)  of  Emoia 
samoense  from  islands  of  American  Samoa.  Half-shaded  circles  are  juveniles; 
star  is  a  hatchling.    Other  symbols  are  as  in  Fig.  1. 

ured  15.5  x  10.5  mm.  Eggs  of  E.  samoense  have  distinct  longitudinal 
striations  running  along  the  external  surface  of  the  shell. 

Hatchlings  of  E.  samoense  have  never  been  reported.  A  single 
E.  samoense  egg  found  with  a  clutch  of  two  larger  eggs  of  E.  nigra 
in  a  birdnest  fern  in  mangrove  swamp  hatched  44  days  after  dis- 

covery.  This  incubation  time  is  probably  only  slightly  less  than  the 
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true  incubation  period.  The  hatchling  snout-vent  length  is  31.0  mm. 
Whether  or  not  the  one  discovered  egg  represents  single  place- 

ment of  eggs  by  E.  samoense  cannot  be  concluded.  Captive  females 
have  laid  one  or  two  eggs  in  laboratory  cages  and  withheld  the  rest 
for  several  days  or  weeks.  However,  none  of  these  eggs  developed, 
and  most  were  thin  shelled  and  probably  laid  prematurely.  A  field 
observation  with  anecdotal  implications,  was  made  at  the  time  of 

discovery  of  the  single  E.  samoense  egg.  Moments  after  the  collec- 
tion, a  gravid  E.  nigra  was  captured  from  an  adjacent  mangrove 

tree.  Upon  dissection  she  was  found  to  have  three  oviducal  eggs 
and  three  E.  samoense  eggs  in  her  stomach  and  intestines.   Perhaps 
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I'n;.  5. — Testes  length  versus  siioiil-% <nl  length  (iii  mm)  for  male  Emoia 
samoerwe  From  American  Samoa.  Symbols  are  as  in  Fig.  2.  Regression  line 
fitted  l>>  least  squares  method  t<>  data  points  below  05  nun  SVL. 
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these  eggs  were  from  the  clutch  found  in  the  birdnest  fern.  The 
presence  of  other  lizard  eggs  in  stomachs  of  £.  nigra  individuals 
was  also  recorded  (Schwaner,  1979). 

Emoia  cyanura 

This  small  diurnal  skink  was  caught  on  the  ground  and  in  low 
vegetation,  where  it  moves  rapidly  and  forages  widely.  Individuals 
were  disturbed  from  presumed  resting  places  under  rocks  and  leaf 
litter  at  night. 

Males. — The  292  specimens  have  snout-vent  lengths  of  23-58  mm 
(Fig.  6).  Individuals  less  than  35  mm  had  small  whitish  testes 
(<  2.0  mm  in  length).  Because  there  is  no  apparent  break  in  the 

testes  verses  snout- vent  length  regression  ( Fig.  7 ) ,  adult  males  were 
estimated  from  visual  inspection  of  the  testes  for  the  presence  of 
enlarged  convoluted  tubules  ( Fig.  6 ) .  Tubules  are  only  moderately 
developed  in  specimens  33-42  mm  snout  to  vent;  definite  convo- 

lutions and  vasculation  of  enlarged  testes  are  found  in  individuals 

38-50  mm  and  larger.  Thus,  snout-vent  length  at  maturity  in  male 
E.  cyanura  appears  to  be  38-40  mm.  Baker  (1947),  in  a  more 
accurate  assessment  based  on  body  weight  of  adult  male  E.  cyanura 
in  the  New  Hebrides,  estimated  weight  at  maturity  to  be  1.5  gms. 

Among  34  males  (with  complete  tails)  weighed  prior  to  preser- 
vation during  the  present  study,  four  were  classified  as  reproduc- 

tively  mature,  weighed  approximately  .1.5  gms  (1.5-1.7  gms)  and 
had  an  average  snout- vent  length  of  42.8  mm  (range  =  40-43  mm); 
this  is  only  slightly  higher  than  my  estimate  for  minimal  adult 
maturity  based  on  testes  size  and  condition. 

Females. — Of  285  females  having  snout-vent  lengths  of  22-56 
mm  the  smallest  fecund  female  ( developing  ova  >  3.0  mm )  is  35 
mm  and  the  smallest  with  oviducal  eggs,  41  mm  (Fig.  6).  Thus, 
the  size  at  sexual  maturity  of  female  E.  cyanura  in  American  Samoa 
is  about  40  mm.  Baker  ( 1947)  found  no  oviducal  eggs  in  any  female 
weighing  1.5  gms  or  less,  and  estimated  the  minimum  adult  weight 
for  female  E.  cyanura  in  the  New  Hebrides  as  1.6  gms.  Of  23 

female  E.  cyanura  (with  complete  tails),  captured  during  the  pres- 
ent study  and  weighed  prior  to  preservation,  five  classified  as  re- 

productively  active  are  below  1.6  gms  (1.0-1.5  gms)  and  average 
43.5  mm  snout  to  vent.  Two  individuals  weighing  1.6  and  1.7  gms 

have  body  lengths  of  48  to  46  mm,  respectively.  This  is  consider- 
ably higher  than  my  estimate  of  minimum  adult  size  at  40.0  mm 

based  on  the  size  and  condition  of  developing  ova.  Either  females 
mature  at  smaller  sizes  in  American  Samoa,  or  there  is  some  dis- 

crepancy in  equating  body  size  and  body  weight  in  these  females 

with  the  measurements  of  Baker's  (1947)  analysis. 
Mean  clutch  size,  based  on  46  fecund  and  46  ovigerous  females, 

and  25  clutches  found  in  the  field,  is  1.96  (or  an  almost  constant  2 
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Fig.  7. — Testes  length  versus  snout-vent  length  (in  mm)  for  male  Emoia 
cyanura  from  American  Samoa.    Symbols  are  as  in  Fig.  2. 

eggs  per  clutch).  There  is  no  significant  correlation  between  in- 
creasing body  size  and  clutch  size  (Fig.  3E).  Greer  (1968),  citing 

Baker  (1947),  noted  that  almost  always  one  egg  is  found  in  each 
oviduct  of  ovigerous  females.  Similar  observations  were  noted  by 
Hediger  ( 1934 )  for  this  species. 

The  diameters  of  39  oviducal  eggs  measured  9.5-13.2  mm  (X  = 
11.2  mm)  and  closely  approximated  the  length  x  width  of  freshly 
laid  eggs  (X  =  12.0  x  7.5  mm,  range  =  10.2-13.0  X  6.2  X  9.5  mm, 
n  =  18).  Incubating  eggs  of  E.  cyanura  swell  in  size,  increasing 
more  in  width  than  in  length  from  partuition  to  hatching;  mean 

length  x  width  at  hatching  is  12.6  X  9.5  mm  (range  =  12.3-12.9  X 
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9.2-10.1  mm,  n  =  6).  Incubation  times  were  6-51  days  for  field 
collected  eggs  maintained  in  the  laboratory;  however,  the  upper 

bound  of  40-51  days  is  probably  the  usual  incubation  period.  Aver- 
age hatchling  snout- vent  length  is  22.0  mm  ( range  =  20.0-23.0  mm, 

n  =:  45);  hatchlings  have  the  adult  color  pattern. 
Emoia  cyanura  lay  eggs  in  communal  nesting  sites  probably 

selected  for  optimal  moisture  and  temperature.  Most  eggs  were 
taken  from  under  garden  rocks;  these  were  usually  flat  coral  plates 
lying  on  a  sand  substrate.  The  usual  number  of  eggs  under  the 
rocks  was  about  6  to  10;  however,  one  rock  covered  70  incubating 
eggs  and  many  empty  egg  casings. 

Emoia  lawesii 

This  large  diurnal  skink,  was  caught  on  the  ground  where  it 
forages  among  coral  rubble  primarily  in  littoral  forests.  None  was 
observed  at  night. 

Males. — The  26  specimens  have  snout-vent  lengths  of  77-106 
mm  (Fig.  8).  One  male  (SVL  =  81  mm)  has  undeveloped  testes; 
however,  two  smaller  individuals  (SVL  =  77  and  80  mm,  respec- 

tively) have  enlarged  testes  with  convoluted  tubules.  A  conservative 

estimate  of  the  snout-vent  length  of  reproductively  active  males  is 
about  85  mm;  mature  testes  lengths  are  usually  above  4.0  mm  (Fig. 
9).  Individuals  were  collected  only  during  June  and  July,  1976,  and 

December  and  January,  1977-1978.  Reproductively  active  males 
were  observed  during  June,  July,  December  and  January. 

Females. — Of  38  females  having  snout-vent  lengths  of  70-105 
mm  the  smallest  fecund  female  ( developing  ova  >  2.0  mm )  is  78 

mm  and  the  smallest  with  oviducal  eggs,  88  mm  (Fig.  8).  Con- 
servatively, reproductive  activity  of  female  E.  lawesii  probably 

begins  at  snout-vent  lengths  85-90  mm. 
Mean  clutch  size,  based  on  22  fecund  and  5  ovigcrous  females, 

and  2  laboratory  clutches,  is  1.8.  Most  females  have  two  eggs  per 
clutch;  two  individuals  had  a  single  oviducal  egg  and  three  others 
had  only  one  developing  ovum  each.  There  is  little  indication  of 
increasing  clutch  size  with  greater  body  size,  but  too  few  females 
from  the  lower  size  range  of  reproductive  maturity  were  examined 
(Fig.3C). 

The  diameters  of  8  oviducal  eggs  measured  18.0-19.7  mm  (X  = 
19.2  mm);  at  partuition  the  average  egg  length  x  width  was  21.3  x 
11.8  mm  (range  =  21.0-21.5  x  11.0-12.5,  n  =  4).  Similar  to  the 

Other  Emoia  species  in  this  study,  the  eggs  of  E.  lawesii  swell  dur- 
ing incubation  reaching  hatching  Sizes  3.7-4.7  mm  longer  and  wider, 

respectively,  than  at  partuition.  Two  eggs  laid  in  the  laboratory 
hatched  72  and  77  days  after  partuition.  This  is  the  longest  in- 

cubation time  lor  any  of  the  scincid  species  observed  in  American 



REPRODUCTIVE  BIOLOGY  OF  LIZARDS 15 

HOn 

IOO- 

90- 

>  80
- 

70 

o • 

°88: 

o 
oooooX«« 

o82
# 

oo • •• 

o« 
• • o 

oo*« o •• 

• 
• 

40 

12  3  4 

REPRODUCTIVE  CONDITION 
Fig.  8. — Reproductive  condition  and  snout-vent  length  (in  mm)  of  Emoia 

lawesii  from  islands  of  American  Samoa.    Symbols  are  as  in  Figs.  1  and  4. 

Samoa.  Hatchling  color  patterns  resembled  those  of  adults;  snout- 
vent  lengths  of  two  hatchlings  were  32.4  mm  and  33.4  mm,  re- 
spectively. 

Emoia  adspersa 

This  medium  sized  diurnal  skink  was  caught  on  the  ground 
where  it  was  observed  to  bask  and  forage.  No  individuals  were 

observed  at  night,  but  three  were  seen  entering  and  leaving  sus- 
pected burrows  at  the  bases  of  trees  on  Swains  Island. 

Males. — The  17  specimens  examined  from  Swains,  Savaii,  Nuku- 
nonu  and  Funafuti  islands  have  snout-vent  lengths  of  64-84  mm 
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Fig.  9. — Testes  length  versus  snout-vent  length   (in  mm)  for  male  Emoia 

lawesii  from  American  Samoa.    Symbols  are  as  in  Fig.  2. 

(Fig.  10).  Only  the  smallest  individual  (64  mm)  has  undeveloped 

testes;  individuals  of  greater  size  have  testes  (with  enlarged  convo- 
luted tubules)  sizes  of  3.7-5.5  mm.  Conservatively,  adult  males  are 

probably  reproductively  active  at  65-70  mm  snout-vent  length. 
Most  individuals  (for  which  dates  arc  available)  were  taken  during 
the  months  of  April   and    May,  and  one  each  were  collected  in 
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Fig.  10. — Reproductive  condition  and  snout-vent  length  (in  mm)  of  Emoia 
adspersa  from  islands  of  American  Samoa,  Savaii,  Nukunonu,  and  Funafuti. 
Symbols  are  as  in  Fig.  1. 

February  and  September;  all  adult  specimens  have  swollen  testes 
with  enlarged  convoluted  tubules  and  are  presumed  to  have  been 
reproductively  active  when  perserved. 

Females. — Of  23  females  having  snout-vent  lengths  of  63-81  mm, 
the  smallest  fecund  female  (developing  ova  >  2.0  mm)  is  64  mm 

and  the  smallest  with  oviducal  eggs,  70  mm  (Fig.  10);  thus,  con- 
servatively, most  females  probably  are  mature  at  70  mm. 

Mean  clutch  size,  based  on  14  fecund  and  5  ovigerous  females, 
is  1.9.  All  but  two  individuals  have  two  eggs  per  clutch.  Clutch 
size  does  not  appear  to  increase  with  body  size  (Fig.  3D),  but  too 

few  females  from  the  lower  size  range  of  adults  makes  this  incon- 
clusive. Egg  sizes  for  seven  full  term  oviducal  eggs  (all  with  thick 

leatherly  shells)  average  16.4  mm  (13.4-19.2  mm,  n  =  7)  in  length. 
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Cryptoblepharis  boutonii 

This  small,  diurnal  skink  was  caught  on  coral  and  lava  rocks  in 
littoral  strand  habitats  devoid  of  vegetation  at  coastal  margins  on 

Ta'u  and  Olosega  islands.  None  was  observed  at  night,  but  the 
species  is  apparently  restricted  to  the  littoral  strand. 

Males. — The  26  specimens  have  snout- vent  lengths  of  25-42  mm 
(Fig.  11).  Individuals  less  than  37  mm  generally  have  small,  whitish 
testes  (<  2.0  mm  in  length)  lacking  enlarged  convoluted  tubules, 
and  are  probably  immature  (Fig.  12).  Conservatively,  male  C. 

boutonii  are  probably  reproductively  mature  at  snout-vent  lengths 
of  38-40  mm  and  testes  sizes  of  3.0-4.0  mm  in  American  Samoa. 

Females — Of  23  females  having  snout-vent  lengths  of  35-48  mm, 
the  smallest  fecund  female  (developing  ova  >  1.0  mm)  is  44  mm 
and  the  smallest  with  oviducal  eggs,  43  mm  (Fig.  11);  one  spent 
female  with  distended  oviducts  is  40  mm.  The  size  at  sexual 

maturity  for  female  C.  boutonii  is,  therefore,  probably  at  or  above 
40  mm  snout-vent  length. 

Mean  clutch  size,  based  on  12  fecund  and  3  ovigerous  females,  is 
1.93;  only  one  individual  had  one  oviducal  egg.  Thus,  the  clutch 
size  is  probably  a  constant  two  eggs  in  American  Samoa. 

No  eggs  were  collected  from  field  nests;  Haake  (1977)   states 
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I'm..  II.    -Reproductive  condition  and  snout-vent  length  (in  mm)  of  Cryp- 
toblepharis boutonii  from  islands  of  American  Samoa.   Symbols  are  as  in  Fig.  1. 
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Fig.  12. — Testes  length  versus  snout-vent  length  (in  mm)  for  male  Cryp- 
toblepharis  boutonii  from  American  Samoa.    Symbols  are  as  in  Fig.  2. 

that  the  species  reproduces  "by  means  of  small  batches  of  soft- 
shelled  eggs  which  are  laid  in  moist  sand."  The  average  length  of 
seven  oviducal  eggs  was  10.1  mm  (range  =  ̂ 6.9-13.5  mm). 

Lipinia  noctua 

This  small,  diurnal  skink  is  secretive  and  almost  invariably  found 
under  the  bark  of  rotting  trees,  or  in  epiphytic  vegetation.  Individ- 

uals were  not  observed  at  night. 

Males. — The  15  specimens  have  snout-vent  lengths  of  25-43  mm 
(Fig.    13).    Individuals  less  than  35  mm   snout-vent  length  have 
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Fig.  13. — Reproductive  condition  and  snout-vent  length  (in  mm)  of  Lipinia 
noctua  from  islands  of  American  Samoa.  Symbols  are  as  in  Fig.  1. 

small,  undeveloped  testes;  convoluted  tubules  in  testes  >  2.0  mm  in 
length  are  present  in  individuals  above  35  mm,  which  is  probably 

the  snout- vent  length  at  reproductive  maturity  (Fig.  14). 

Females. — Of  12  females  having  snout-vent  lengths  of  39-47  mm 
the  smallest  fecund  female  (developing  ova  >  1.0  mm)  is  39  mm 

and  the  smallest  ovigerous  female,  40  mm;  because  smaller  individ- 
uals were  not  examined,  minimal  size  at  reproductive  maturity  is 

at  least  39  mm  (Fig.  13). 

Lipinia  noctua  is  viviporous;  nine  females  with  developing  em- 
bryos have  two  (one  in  each  oviduct),  and  three  females  have  a 

single  embryo.  Fitch  (1970)  reported  Hediger's  (1934)  observation 
of  one  embryo  per  female  in  the  New  Hebrides;  Oliver  and  Shaw 
(1953)  found  two  embryos  in  each  of  six  females,  and  two  females 
with  one  embryo.  Similar  results  were  noted  for  gravid  females 
From  the  Marshall,  Taumotu,  and  Marquesas  Islands  (Fitch,  1970). 
Gravid  females  were  observed  during  January,  March,  June  and 

December  in  American  Samoa;  thus  reproductive  activity  is  prob- 
ably year  round. 

'I  lie  average  diameter  oi  se\'en  embryo  masses  is  8.9  mm  (range 
=  7.1-10.8  mm).  Four  full  term  embryos  had  an  average  snout-vent 
length  of  15.5  mm  (range  --  15.1-16.6  mm). 
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Fig.  14. — Testes  length  versus  snout-vent  length  (in  mm)  for  male  Lipinia 
noctua  from  American  Samoa.    Symbols  are  as  in  Fig.  2. 

Gehyra  oceanica 

This  large,  nocturnal  gecko  was  caught  on  building  walls,  and 
on  tree  trunks  in  a  variety  of  forested  habitats.  During  the  day  in- 

dividuals were  disturbed  from  presumed  resting  sites  under  the 
bark  of  rotting  trees,  particularly  coconut  trees,  or  from  under 
boards  and  other  debris,  and  crevices  in  building  walls  and  roofs. 

Males. — The  25  specimens  have  snout-vent  lengths  of  36-93  mm 
(Fig.  15).  Reproductively  active  individuals  with  enlarged  testes 
and  convoluted  tubules  apparently  mature  at  snout-vent  lengths 
greater  than  70  mm  in  American  Samoa;  below  this  size  testes  are 
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Kit..  I.").--  Reproductive  condition  and  gnout-venl  length  (in  mm)  of  Gehyra 
OCeaniCQ  from  islands  of  American  Samoa.  Symbols  arc  as  iii  Figs.  1  and  4; 
X's  are  liatclil in^s. 
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small  ( <  3.0  mm ) ,  undifferentiated  masses  of  whitish  tissue  ( Fig. 
16).  Mature  males  found  during  several  months  of  the  study  are 
presumably  reproductively  active  year  round. 

Females. — Of  34  females  having  snout-vent  lengths  of  47-67  mm, 
the  smallest  fecund  female  (developing  ova  >  3.0  mm)  and  the 
smallest  with  oviducal  eggs,  70  mm  ( Fig.  15 ) .  Females  70  mm  or 
less  have  small  underdeveloped  ova  with  narrow,  undistended  ovi- 

ducts and  are  apparently  immature.  Thus,  snout-vent  lengths  of 
both  male  and  female  G.  oceanica  appear  to  be  70  mm  at  repro- 

ductive maturity. 

Mean  clutch  size,  based  on  11  fecund  and  6  ovigerous  females, 
and  22  clutches  found  in  the  field,  is  1.96.  Most  fecund  and 
ovigerous  females  have  two  eggs;  only  two  females  have  a  single 
oviducal  egg  and  one  fecund  female  has  four  distinctly  enlarged 
ova.  A  large  number  of  field  nests  (48%),  however,  contained  a 
single  egg,  and  a  slightly  greater  percentage  (52%)  contained  two 
eggs.  There  is  a  tendency  for  females  of  greater  body  size  to  have 
more  than  two  eggs  in  a  clutch  (Fig.  3F),  but  this  trend  is  not 
consistent. 

Most  gekkonid  eggs  have  hard,  brittle  shells  and  apparently  do 
not  swell  during  incubation.  The  diameters  of  six  oviducal  eggs 

measured  7.5-16.5  mm  (X  =  11.4  mm);  length  x  width  of  25  eggs 
from  field  clutches  averaged  12.8  x  11.6  mm  (range  =  12.0-13.6 
mm  x  11.0-12.5  mm). 

Minimum  hatching  time  for  G.  oceanica  eggs  was  19  days  in  the 
laboratory;  eggs  hatching  between  19  and  36  days  were  usually 

dark  when  candled,  revealing  the  eye  pigment  of  developing  em- 
bryos. Most  eggs  that  hatched  beyond  40  days  were  yellowish  or 

pinkish  in  color  when  candled.  The  longest  incubation  periods 
recorded  were  a  rather  remarkable  112  and  114  days  for  two  eggs 

collected  on  Swains  Island  in  mid-May,  1976.  Two  eggs  from  Ta'u 
Island,  taken  in  January,  1978  took  102  and  109  days  to  hatch. 
Brown  and  Alcala  (1957)  reported  on  incubation  periods  of  70  days 

for  the  gekkonid,  Cosymlotus  platyurus;  Fitch  (1970)  cited  Love- 

ridge's  ( 1945 )  note  ( sensu  Smith,  1935 )  indicating  a  five  month  in- 
cubation period  for  Ptychozoan  kuklii  in  Java;  most  other  gekkonid 

species  for  which  data  are  available  have  incubation  times  between 
one  and  two  months.  Furthermore,  the  eggs  from  American  Samoa 

were  kept  in  dry  plastic  bags  on  a  shelf  in  the  laboratory  and  were 
not  considered  viable  after  3  months,  until  they  unexpectedly 

hatched.  Their  apparent  resistance  to  dessication  and  long  incu- 
bation times  undoubtedly  facilitates  their  transport  via  rafting 

among  islands. 

Hatchlings  have  snout- vent  lengths  of  28.0-30.0  mm  (X  =  29.4 
mm,  n  =  19).    Individuals  from  Swains  and  Rose  islands  have  a 
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Fie.  16. — Testes  length  versus  snout-vent  length  (in  mm)  for  male  Gcliyra 
oceanica  from  American  Samoa.    Symbols  are  as  in  Fig.  2. 

suffusion  of  rose  colored  pigment  on  the  underside  of  the  tail,  and 

a  faint  black  midventral  line.  When  alarmed,  these  hatehlings  raise 

their  tails  vertically,  presumably  to  display  the  bright  color.  Tail 

autonomy  is  high  in  gekkonid  species  (Pianka  and  Pianka,  1976), 

and  over  80%  of  the  G.  oceanica  specimens  from  American  Samoa 
have  regenerated  tails. 

All  hut  one  G.  oceanica  egg  was  found  under  the  hark  of  rotting 

coconut  stumps,  usually  near  their  base;  the  eggs  were  in  clutches 

of  1-10,  in  varying  stages  of  development,  indicating  communal  use 
of  nesting  sites.  A  single  egg  was  found  in  the  tangled  roots  of  a 
fallen  tree. 
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Hemidactylus  frenatus 

This  medium  sized,  nocturnal  gecko  was  found  exclusively  on 

building  walls  on  Tutuila  Island;  a  small  series  taken  from  build- 
ings on  Oahu,  Hawaii  are  included  with  the  American  Samoan 

specimens  in  the  following  description.  No  individuals  were  ob- 
served during  the  day. 

Males. — The  18  specimens  have  snout-vent  lengths  of  33-60  mm 
(Fig.  17).  Adult  males  with  enlarged  testes  and  convoluted  tubules 

are  greater  than  40  mm  snout-vent  length  and  probably  become 
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Fig.  17. — Reproductive  condition  and  snout-vent  length  (in  mm)  of  Hemi- 
dactylus frenatus  from  islands  of  American  Samoa  (and  Hawaii).  Symbols  are 

as  in  Figs.  1  and  4. 
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reproductively  active  between  40-50  mm.  Most  males  above  50  mm 
have  testes  sizes  between  4.0-5.0  mm  (Fig.  18).  Reproductively 
active  males  were  found  during  June  and  January.  Church  (1962) 
observed  active  reproduction  year  round  in  Java;  farther  north  in 
more  temperate  areas  this  pattern  became  seasonal  with  peak 
activity  in  July  and  August  (Fukada,  1965). 

Females. — Of  15  females  having  snout-vent  lengths  of  33-52  mm 
the  smallest  fecund  female  (developing  ova  >  1.0  mm)  and  the 
smallest  with  oviducal  eggs  are  both  43  mm  (Fig.  17).  Thus,  size  at 
reproductive  maturity  in  females  in  American  Samoa  (and  Hawaii) 
appears  to  be  greater  than  40  mm. 

Mean  clutch  size,  based  on  5  fecund  and  3  ovigerous  females, 
and  one  field  clutch,  is  1.9  (or  almost  a  constant  2  per  clutch);  only 
one  female  had  a  single  oviducal  egg.  Oviducal  eggs  are  only 

slightly  smaller  than  those  freshly  laid  (X  =  7.5  mm,  range  =  6.9- 
8.5  mm,  n  =  6).  Just  prior  to  hatching  the  eggs  are  identical  to 

their  size  at  partuition.  Two  clutches  (four  eggs)  laid  in  the  labo- 
ratory hatched  between  77-88  days.  These  hatching  times  corre- 

spond closely  to  the  "seventy-plus  days"  reported  by  Brown  and 
Alcala  (1957)  for  the  species  in  the  Philippines  Islands.  These 
authors  noted  that  two  eggs  of  H.  frenatus  exposed  to  sea  water  for 
50  to  168  hrs  hatched  in  56  days,  suggesting  that  the  extent  of  egg 
development  may  not  be  of  significance  in  determining  the  effects 
of  sea  water.  Eggs  of  American  Samoan  females  were  hatched  in 
dry  plastic  bags.  The  widespread  occurrence  of  H.  frenatus 
throughout  the  Pacific  region  and  elsewhere  is  undoubtedly  aided 
by  the  high  resistance  of  its  eggs  to  a  wide  range  of  environmental 
extremes. 

Hatchlings  measured  19.0-21.0  mm  snout-vent  length  (X  =r  20.5 
mm,  n  =  5)  and  resembled  the  adults.  One  clutch  of  eggs  was 
recovered  from  the  field  under  a  wooden  box  on  the  ground  near  a 
building  wall  on  Tutuila  Island.  Hatchlings  were  not  observed  in 
the  field. 

Peropus  mutilatus 

Tin's  small,  nocturnal  gecko  was  found  exclusively  on  darkened 
buildings  not  exposed  to  village  lights.  It  is  rare  in  American  Samoa 
and  never  observed  dining  the  day. 

Males. — The  8  specimens  have  snout-vent  lengths  of  36-48  mm 
(Fig.  19).  A  single  individual  (31  mm,  SVL)  is  definitely  immature 
(testes  size  =  1.2  mm),  and  a  second  individual  (36  mm,  SVL)  has 
only  slightly  larger  testes  (1.4  mm).  Five  individuals,  with  enlarged 
testes  and  eonvolnted  tubules,  range'  above  40  mm  snout-vent 
length;  testes  sizes  range  from  3.0-3.7  nun  (Fig.  20).  Thus,  male  P. 
mutilatus  in  American  Samoa  probably  mature  at  snout-vent  lengths 
greater  than  40  mm,    Males  taken  during  July,  December  and  Jan- 
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Fig.  18. — Testes  length  versus  snout-vent  length   (in  mm)  of  male  Hemi- 
dactylus  frenatus  from  American  Samoa  (and  Hawaii).  Symbols  are  as  in  Fig.  2. 

uary  were  reproductively  active.  Church  (1962)  reported  year-round 
breeding  for  this  species  in  Java. 

Females. — Of  12  females  having  snout-vent  lengths  of  33-48  mm 
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Fig.  19. — Reproductive  condition  and  snout-vent  length  (in  mm)  of  Peropus 
mutilatus  from  islands  of  American  Samoa.   Symbols  are  as  in  Fig.  1. 

the  smallest  fecund  female  (developing  ova  >  1.0  mm)  is  40  mm 
and  the  smallest  with  oviducal  eggs,  43  mm  (Fig.  19).  Thus,  size 
at  reproductive  maturity  in  female  P.  mutilatus  from  American 
Samoa  is  the  same  as  for  males,  40  mm. 

Mean  clutch  size,  based  on  7  fecund  and  4  ovigerous  females,  is 
1.8.  With  the  exception  of  two  large  females  (46  mm  and  43  mm, 
respectively)  that  probably  had  laid  eggs  and  were  just  beginning 
the  development  of  a  second  clutch  (both  were  fecund  with  a  single 
enlarged  ovum),  all  gravid  females  in  American  Samoa  have  two 
eggs  per  clutch.  Fitch  (1970)  noted  two  eggs  per  clutch  for  this 
species  in  other  areas. 

Three  oviducal  eggs  measured  6.9-8.1  mm  (X  =  7.5  mm).  No 
eggs  were  found  and  hatehlings  were  not  observed  in  the  field. 

Cyrtodactyhu  pelagicus 

This  medium  sized,  nocturnal  gecko  is  largely  terrestrial.  Indi- 
viduals were  usually  caught  on  tree  trunks  in  littoral  forest,  within 
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Fig.  20. — Testes  length  versus  snout- vent  length  ( in  mm )  for  male  Peropus 
mutilatas  from  American  Samoa.  Symbols  are  as  in  Fig.  2;  large  dot  represents 
two  individuals. 

one  meter  of  the  ground;  when  disturbed  the  species  invariably 
escaped  downward  among  rocks  and  litter  of  the  forest  floor.  Two 
individuals  were  captured  during  the  day  under  debris  on  the 
ground  in  village  land.  No  males  were  found  in  any  sampled 
population. 

Females. — Of  51  females  having  snout-vent  lengths  23-69  mm 
the  smallest  fecund  female  (developing  ova  >  1.0  mm)  is  50  mm  and 
the  smallest  ovigerous  female,  59  mm  (Fig.  21).  Thus,  reproductive 

maturity  occurs  between  50-60  mm  snout-vent  length  in  C.  pelagi- 
cus  from  American  Samoa. 

Mean  clutch  size,  based  on  29  fecund  and  four  ovigerous  fe- 
males, is  1.8;  five  fecund  and  two  ovigerous  females  have  only  one 

developing  ovum  each.  There  is  only  a  slight  correlation  between 

body  size  and  clutch  size  in  C.  pelagicus  individuals  from  American 



30         OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

70-i 

E 

E  50- 

> 
C/> 

30- 

OO 

O 

8 
O 

°8 

O 

O 
o 
o 
o 

— I   1   1-   1   
12  3  4 

REPRODUCTIVE  CONDITION 

Fie.  21. — Reproductive  condition  and  snout-vent  length  (in  mm)  of  Cyr- 
todactylus  pelagicus  from  islands  of  American  Samoa.  Symbols  are  as  in  Fig. 

1;  tin's  is  an  all-female  population. 

Samoa,  hut  more  specimens  from  all  size  ranges  are  needed  for 
greater  clarity  of  this  point  (Fig.  3G). 

The  diameters  pf  six  oviducal  eggs  measured  9.9-12.0  mm  (X  = 
11.3  mm).  No  field  clutches  were  found,  hut  a  single  egg  laid  in  a 
laboratory  cage  measured  12.2  mm  in  length.  No  hatchlings  were 
Found  in  the  field. 

Two  dense  populations  of  C.  pelagicus  were  sampled  from  Ta'u 
Island,  both  in  littoral  forests  near  the  coast.  In  these  habitats  few 
other  gekkonid  species  were  found.  Most  importantly,  no  males  of 
C.  pelagicus  were  collected.    Almost  all  of  the  females  are  gravid 
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and  there  is  very  little  apparent  variation  in  color  pattern  or  meas- 
urements of  various  body  parts.  One  female  isolated  in  the  labora- 

tory developed  and  laid,  one  egg  during  a  seven  month  period,  but 
the  egg  failed  to  hatch.  The  lack  of  males  in  the  collections  (taken 
during  July  and  January)  suggests  that  a  parthenogenic  population 

of  C.  pelagicus  exists  on  Ta'u  Island. 

Lepidodactylus  lugubris 

This  small,  nocturnal,  abundant  gecko  was  caught  in  a  number 
of  habitats  at  night,  ranging  from  building  walls  to  village  shrubs, 
forest  epiphytes,  rotting  trees,  and  the  rocky  cliffs  of  coastal  strand. 

Individuals  were  taken  under  the  bark  of  trees,  in  epiphytic  vege- 
tation, under  debris  at  the  shoreline,  in  cracks  of  building  walls  and 

roofs,  and  in  crevices  between  rocks  in  littoral  strand  by  day.  The 
species  is  a  known  parthenogenic  form;  no  males  were  found  in  the 
populations  sampled. 

Females. — Of  213  females  having  snout-vent  lengths  of  20-44 
mm  the  smallest  fecund  female  (developing  ova  >  1.5  mm)  and 
the  smallest  ovigerous  female  are  both  35  mm  (Fig.  22).  Although 

presumably  immature  individuals  were  recorded  at  higher  snout- 
vent  lengths,  it  seems  that  female  L.  lugubris  from  American  Samoa 

mature  at  35  mm.  Furthermore,  the  modal  snout- vent  length  for 
fecund,  ovigerous  and  spent  females  is  40  mm. 

Clutch  size,  based  on  45  fecund  and  47  ovigerous  females,  and 
35  field  clutches,  is  essentially  a  constant  2  eggs.  In  the  field,  two 
eggs  in  a  clutch  were  observed  without  error  because  L.  lugubris 
is  the  only  gecko  on  these  islands  which  lays  eggs  with  shells  that 
adhere  to  each  other  upon  drying;  this  was  also  noted  by  Cagle 
(1946)  for  the  species  on  Tinian  Island.  These  eggs  are  affixed  to 
the  substrate  and  are  difficult  to  detach  without  breakage.  It  is 
probable  that  the  survival  of  L.  lugubris  in  rocky  littoral  strands 
is  facilitated  by  this  trait,  since  affixed  eggs  may  be  secured  in 
cracks  and  crevices  of  rocks  and  on  cliff  overhangs  where  they  es- 

cape predation  by  the  numerous  crabs  along  the  rocky  coastline. 
Mean  egg  size  at  hatching  (X  =  8.3  x  7.1  mm,  range  ==  8.0-9.0 

x  6.8-7.5  mm,  n  =  3)  is  only  slightly  larger  than  the  mean  size  of 
oviducal  eggs.  The  eggs  must  be  extremely  resistant  to  dessication 
because  they  were  not  found  in  moist  (fresh  water)  areas,  but 
under  dead  and  dying  tree  bark,  rocks  exposed  to  salt  spray,  and 
small  dry  holes  in  coconut  palms.  On  Rose  Island,  where  L.  lugu- 

bris coexists  with  G.  oceanica,  eggs  of  the  latter  were  found  under 
dead  tree  bark  always  at  the  base  of  the  tree,  and  eggs  of  the  former 
were  always  affixed  to  bark  near  the  top  of  the  tree. 

Maximal  hatching  time  in  the  laboratory  was  73  days;  two 
months  appears  to  be  the  modal  incubation  period.  Oliver  and 

Shaw  ( 1953 )  reported  an  incubation  time  of  92  days,  but  develop- 
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Fic.  22. — Reproductive  condition  and  snout-vent  length  (in  mm)  of  Lcpi- 
dodactylus  lugubris  from  islands  of  American  Samoa.  Symbols  are  as  in  Fig. 

1;  this  is  an  all-female  population. 

ment  was  perhaps  delayed  by  cooler  than  normal  incubation  tem- 
peratures (Fitch,  1970).  Mean  snout- vent  length  of  hatchlings  is 

17.1  mm  (range  ==  14.0-20.0  mm,  n  =  9). 

Lepidodactykis  lugubris  is  parthenogenetic  (Cuellar  and  Kluge, 
1972);  DO  males  were  found  in  American  Samoa.  The  species  is 

distributed  from  Australia  and  the  Indo-I'aeific  region,  throughout 
islands    ol    the    tropical    Pacific    Ocean    and    on    mainland    Central 
America  and  Ecuador  (Smith,  ct  al,  1961;  Fugler,  1966),  where  it 
is   often    the    most   locally    abundant    species.     Klnge    and    Cuellar 
L972)  list  the  diploid  chromosome  number  as  44.   From  this  they 

suggested  that  the  mode  of  parthenogenesis  is  not  due  to  hybridi- 
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zation  with  closely  related  species  (or  gynogenesis ) ,  since  no  con- 
geners or  even  closely  related  genera  are  found  among  populations 

of  L.  lugubris,  wherever  it  is  found.  Undoubtedly  the  wide  range 

of  L.  lugubris  both  in  geography  and  habitat  distributions  in  Amer- 
ican Samoa  (Schwaner,  1979),  is  facilitated  by  its  unique  combi- 

nation of  reproductive  habits. 

DISCUSSION 

Patterns  in  Monthly  Reproductive  Activity 

To  demonstrate  the  apparent  constancy  of  the  American  Samoan 
islands  with  respect  to  annual  patterns  in  temperature  and  rainfall, 

Colwell's  (1974)  method  was  used  in  an  analysis  of  predictability, 
constancy  and  contingency  for  monthly  averages  of  precipitation 
and  temperatures  taken  from  published  weather  records  for  17  con- 

secutive years  (U.S.  Bureau  of  Standards,  1960-1976).  These  data 
are  cast  into  the  matrices  of  Tables  1  and  2,  respectively,  for  pre- 

dictability analyses,  along  with  the  computed  proportions  of  con- 
stancy and  contingency  contributing  to  predictability.  Rainfall 

(Table  1 )  is  highest  during  December  to  April  ( the  so  called  "rainy 
season");  drier  months  are  from  May  to  December,  having  lows  in 
August  and  September.  The  pattern  is  not  marked,  however,  and 

its  predictability  is  only  54%.  Constancy  of  the  pattern  is  high  how- 
ever (48%)  in  contrast  to  the  contingency  factor  (6%);  the  former 

factor  contributes  88%  to  the  predictability  of  the  pattern  (as  op- 
posed to  only  12%  for  contingency ) .  Therefore,  whereas  the  pattern 

Table  1. — Predictability,  constancy  and  contingency  matrix  for  mean  monthly 
distribution  of  precipitation  on  Tutuila  Island,  American  Samoa,  for  the  years 

1960-1976.    Rainfall  is  divided  into  logarithmically  increasing  classes,  with  the 
upper  bound  at  >  64.00  cm. 

Amount 
monthly Months 
rainfall S O N D J F M A M J J A 
(cm) 

0.00 
1.00 
2.00 1 1 1 
4.00 2 1 1 2 
8.00 7 2 1 1 3 4 5 

16.00 5 4 7 5 5 6 8 2 9 8 6 8 
32.00 1 9 9 8 9 9 6 12 7 6 3 3 
64.00 1 1 4 2 1 2 2 1 

>  64.00 1 1 

Predictability  =  .54 
Constancy  =  .48 
Constancy/Predictability  =  .88 
Contingency  =  .06 
Contingency/Predictability  =  .12 
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Table  2. — Predictability,  constancy  and  contingency  matrix  for  mean  monthly 
temperature   distributions   on   Tutuila   Island,   American   Samoa,   for  the  years 
1960-1976.    Temperature  is  divided  into  logarithmically  increasing  classes,  with 

the  upper  bound  at  >  28.20°C. 
Mean 

monthly Months 
temperature S O N      D J F M     A M       J       J      A 

(°C) 

25.00 
25.05 
25.10 
25.20 
25.40 
25.80 8 4 1       2 1 2 1 3       4     10     13 
26.60 9 

13 
16     12 12 9 13     11 14     13       7       4 

28.20 3 4 6 4      5 

>  28.20 
Predictability  = .78 
Constancy  =  .61 
Constancy/Predictability  = 

:  .78 

Contingency  =  . 
17 

Contingency /Predictability 
=  .22 

is  highly  constant  (p  <  .001)  and  thus  predictable  (p  <  .001),  it 
is  not  due  to  contingency  (or  seasonality,  p  >  .95). 

Mean  monthly  temperatures  (Table  2)  are  highly  predictable 
(78%,  p  <  .001).  Constancy  contributes  a  highly  significant  78% 
(p  <  .001)  to  the  predictability  of  temperature,  but  contingency 
accounts  for  a  nonsignificant  22%  (p  >  .5)  of  the  pattern.  Mean 

monthly  temperatures  vary  only  1.3°C  throughout  the  year.  Thus, 
there  is  no  statistical  basis  for  recognizing  seasonality  in  temper- 

ature or  precipitation  on  American  Samoan  islands,  and  the  climate 
is  highly  predictable  by  its  constancy  ( at  least  during  the  years  for 
which  measurements  were  analyzed). 

Monthly  collections  of  individuals  of  Emoia  nigra,  E.  samoense 

;uk1  E.  Ctjanura  were  sufficiently  large  (although  unevenly  distrib- 
uted) to  detect  patterns  in  reproductive  activity.  I  defined  three  cate- 

gories of  adult  female  reproductive  status:  (1)  Ovigerous  females 
contain  oviducal  eggs;  (2)  fecund  females  are  of  minimal  adult 
body  size  (as  estimated  above)  and  contain  enlarged  ova  (>  3.0 
mm  in  diameter  for  E.  cyanura,  >  5.0  mm  for  E.  nigra,  and  >  4.0 

mm  for  E.  samoense)',  and  (3)  non-fecund  females  have  minimal 
adult  body  sizes  and  ova  sizes  less  than  those  for  fecund  individ- 

uals. Reprodnetively  active  females  are  both  ovigerous  and  fecund 
(Tables  3  and  4). 

Maximal  reproductive  activity  for  Emoia  cyanura  was  highest 
From  November  to  April  and  lowest  from  May  to  October  (Fig.  23). 
Reproductively  active  Females  were  found  in  most  months  of  the 
year,  however,  and  were  never  below  25%  frequency.    When  the 
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Fig.  23. — Monthly  and  bimonthly  percent  of  reproductively  active  (oviger- 
ous  and  fecund)  females  of  Emoia  cyanura  from  islands  of  American  Samoa. 

various  stages  of  the  reproductive  cycle  (ovigerous,  fecund  and 
spent  females,  and  hatchlings)  are  considered  separately  (Fig.  24), 
the  monthly  percentages  of  spent  females  (relative  to  the  total 

number  of  reproductive  stages)  is  inversely  proportional  to  simi- 
larly computed  frequencies  of  hatchlings,  with  maximal  divergence 

in  December,  March,  and  June.  If  eggs  are  laid  in  January  (as 
indicated  by  the  small  peak  in  frequency  of  spent  females)  and 
hatch  within  about  two  months  (as  suggested  by  incubation  times 
in  laboratory  clutches),  hatchlings  would  emerge  in  March  and 
April,  as  illustrated  by  the  peak  in  hatchling  frequencies  during 
those  months.  Percentages  of  fecund  and  ovigerous  females  increase 
from  October  to  December  and  January  and  decline  with  spent 
frequencies  toward  March.  Large  numbers  of  field  clutches  were 
found  in  February  and  March,  1976  (and  again  in  June,  1976). 
Percentages  of  fecund  females  increase  slightly  from  a  low  in 
March  to  a  peak  in  May,  and  frequencies  of  spent  females  peak  a 
month  later,  while  the  former  drops  to  its  lowest  point  (14%)  dur- 

ing the  months  sampled.  Hatchling  percentages  also  reach  a  low 
io:,,  in  June. 

Monthly  mean  diameters  of  developing  ova  (numbers  in  paren- 
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thesis  above  fecund  frequencies  in  Fig.  24)  appear  to  increase  in 
size  from  December,  peaking  in  January,  and  then  decreasing  in 
average  size  from  January  to  April,  just  at  the  time  when  ovigerous 
and  spent  females  of  E.  cyanura  also  decline  in  frequency.  Ova 
sizes  increase  again  in  April  and  May,  and  decline  in  June,  the  same 
month  during  which  spent  females  reach  peak  frequencies. 

The  failure  of  ovigerous  frequencies  to  increase  and  peak  just 

prior  to  the  high  peak  of  spent  females  in  May  and  June  is  incon- 
sistent with  patterns  seen  from  October  to  December.  This  may  be 

a  result  of  low  sample  sizes  for  those  months;  however  the  overall 
unevenness  of  samplings  during  all  months  of  the  study  strains  the 
credibility  of  any  stronger  conclusion.  The  data  do  seem  to  follow 

a  consistent  pattern  which  appears  to  result  in  two  peaks  of  egg 
production,  one  from  December  to  January,  and  another  in  June 
and  July;  critical  data  from  August  and  September  are  entirely 
lacking,  however,  and  greater  sample  sizes  for  each  month  are 
obviously  needed. 

Maximal  reproductive  activity  for  Emoia  nigra  seems  to  peak 

100-1 

50- 

10- 

spent 

MONTH 

Fie.  24. — Monthly  percent  of  the  total  counts  for  hatchlings,  spent  females, 
fecund  females  (ovarian)  and  ovigerous  (oviducal)  females  of  Emoia  cyanura 
from  islands  of  American  Samoa.  Numbers  in  parentheses  above  fecund  fe- 

males are  mean  ova  sizes  for  that  month. 
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from  March  to  June,  and  again,  slightly,  in  September  and  October 
(Fig.  25);  these  peaks  although  broadly  overlapping  those  of  E. 
cyanura,  occur  somewhat  later  than  for  the  smaller  species.  Repro- 
ductively  active  females  of  E.  nigra  were  found  during  each  sampled 
month,  reaching  their  lowest  frequency  (20%)  in  December. 

Spent  females  are  at  highest  percentages  in  December,  declining 

to  zero  percent  in  March  ( Fig.  26 ) .  Frequency  of  hatchlings,  how- 
ever, increases  from  December  to  a  peak  in  April,  approximately 

three  months  later.  Obviously,  if  eggs  are  deposited  in  December 
and  January,  and  require  from  two  to  three  months  to  hatch  as 
previously  suggested,  hatchlings  should  be  most  abundant  in  March 
and  April. 

Mean  ovum  sizes  (in  parenthesis  above  fecund  frequencies  in 
Fig.  26)  show  enlarging  ova  from  December  to  January,  decreasing 
in  mean  size  in  March  and  then  markedly  increasing  again  from 
April  to  May.  These  patterns  generally  precede  and  parallel  those 
for  increasing  and  decreasing  frequencies  of  ovigerous  females  of 
E.  nigra.  Apparently  eggs  mature  in  December  and  January,  are 
deposited,  and  hatch  in  May  and  April;  a  second  developmental 
period  occurs  from  March  to  May  and  eggs  are  again  deposited 
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Fig.  25. — Monthly  and  bimonthly  percent  of  reproductively  active  (oviger- 
ous and  fecund)  females  of  Emoia  nigra  from  islands  of  American  Samoa. 
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(although  perhaps  not  necessarily  from  the  same  females)  in  June 
and  July. 

Reproductive  activity  in  Emoia  samoense  exhibits  much  greater 
peaks  and  valleys  than  the  species  analyzed  above  (Fig.  27).  While 

it  may  also  be  due  to  low  sample  sizes,  assuming  it  is  not,  the  pat- 
tern is  markedly  different.  Maximal  activity  (using  the  bimonthly 

data)  peaks  in  March  and  April,  and  again,  more  steeply,  in  De- 
cember. Reproductively  active  females  were  not  found  in  May  (and 

no  specimens  were  collected  during  June  due  to  scheduled  trips 
during  that  month  to  islands  where  E.  samoense  was  not  present). 

Frequencies  of  spent  females  are  highest  from  September  to 
January  and  lowest  from  April  to  June  (Fig.  28);  eggs  deposited 
in  January  presumably  incubate  for  one  to  two  months  and  would 
be  expected  to  hatch  in  late  February  or  early  July.  Hatchlings 
were  found  from  December  to  July,  and  were  most  abundant  in 
April.  Percentages  of  ovigerous  females  drop  sharply  from  October 
to  January,  but  ova  sizes  (numbers  in  parenthesis  above  fecund 

frequencies,  Fig.  28 )  increase  from  December  to  January  and  main- 
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Ik..  20. — Monthly  percent  of  the  total  counts  for  hatchlings,  spent  females, 
fecund  females  (ovarian)  and  ovigerous  (ovidueal)  females  of  Emoia  nigra 
from  islands  of  American  Samoa.  Numbers  in  parentheses  above  fecund  fe- 

males are  mean  ova  sizes  for  that  month. 
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tain  constant  sizes  ( 3.2  to  3.5  mm )  through  April.  Ovigerous  female 
frequencies  increase  in  parallel  with  ova  sizes  from  December  to  a 
peak  in  April.  Although  peak  egg  deposition  clearly  contrasts  with 
low  frequencies  of  ovigerous  females,  the  patterns  are  not  as  well 
defined  as  those  found  for  E.  nigra  and  E.  cyanura.  The  prolonged 
increase  in  ovigerous  female  frequencies  from  January  to  April,  and 
the  maintenance  of  a  relatively  high  ovum  size  during  the  same 
time  period,  suggests  that  E.  samoense  may  hold  developing  eggs 
longer  and  deposit  them  more  slowly  than  either  E.  nigra  or  E. 
cyanura. 

Correlations 

Mean  monthly  climatic  variables  and  monthly  percents  of  re- 
productively  active  females  of  E.  nigra,  E.  samoense  and  E.  cyanura 

(Table  3)  were  analyzed  to  derive  Pearson  product-moment  corre- 

lation coefficients  (r's).  As  expected,  certain  climatic  variables  are 
highly  correlated  (Table  5).  Mean  monthly  air  temperature  is  posi- 

tively correlated  with  all  but  mean  monthly  wind  speed  (r  =  0.97, 
p  <  .001 ) ,  and  significantly  with  mean  monthly  rainfall  ( r  =  .82, 
p  <  .01 ) ,  mean  monthly  sky  cover  ( r  =  .94,  p  <  .001 ) ,  and  mean 

100-1 monthly  % 

M  J  J 
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Fig.  27. — Monthly  and  bimonthly  percent  of  reproductively  active  (oviger- 
ous and  fecund)  females  of  Emoia  samoense  from  islands  of  American  Samoa. 
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monthly  relative  humidity  (0100  hrs)  (r  =  .83,  p  <  .01).  Mean 
monthly  relative  humidity  (0100  hrs)  is  also  negatively  correlated 

with  mean  monthly  wind  speed  (r  =  -.64,  p  <  .05),  and  signif- 
icantly with  mean  monthly  sky  cover  (r  =  .91,  p  <  .001)  and  du- 

ration of  daylight  (r  =  .82,  p  <  .01).  Mean  monthly  sky  cover  is 
negatively  correlated  with  mean  monthly  wind  speed  (-.80,  p  < 
.01 ) ,  but  positively  with  other  variables  and  significantly  with  mean 

monthly  relative  humidity  (0100  hrs)  (r  =  .66,  p  <  .05)  and  dura- 
tion of  daylight  (r  =  .70,  p  <  .05).  Mean  monthly  relative  humid- 
ity ( 1300  hrs )  is  slightly  negatively  correlated  only  with  mean 

monthly  wind  speed,  but  positively  with  mean  monthly  relative 
humidity  (0100  hrs)  (r  =  .67,  p  <  .05).  Mean  monthly  wind  speed 
is  negatively  correlated  with  all  variables  and  significantly  with 
those  mentioned  above. 

These  correlations  characterize  the  maritime  tropical  climate  of 
American  Samoa  in  the  Southern  Hemisphere  where  there  is  only 
slight  seasonality.  Slight  increases  in  temperature  and  rainfall  dur- 

ing the  months  of  November  to  April  are  accompanied  by  greater 
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Ik;.  28. — Monthly  percent  of  the  total  counts  for  hatehlings,  spent  females, 
Fecund  Females  (ovarian)  and  ovigerous  (oviducal)  females  of  Emoia  samoense 

from  islands  of  American  Samoa.  Numbers  in  parentheses  above  fecund  fe- 
males are  mean  ova  sizes  for  that  month. 
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sky  cover,  relative  humidity,  duration  of  daylight,  and  significantly 
reduced  wind  speeds.  The  Southeast  Trades  blow  stronger  from 

June  to  October  when  temperature  and  rainfall  are  reduced,  ac- 
companied by  generally  shorter  days,  reduced  sky  cover,  and  lower 

relative  humidity. 

The  only  significant  correlations  for  Emoia  nigra,  E.  samoense 
and  E.  cyanuro  with  climatic  variables  (Table  5)  are  a  positive  one 
for  E.  nigra  and  mean  monthly  relative  humidity  (0100  hrs)  (r  = 
.66,  p  <  .05),  and  two  negative  correlations,  E.  samoense  and  dura- 

tion of  daylight  (r  =  -.76,  p  <  .05),  and  E.  cyanura  and  mean 
monthly  wind  speed  (r  =  -.69,  p  <  .05).  There  are  no  significant 
correlations  among  the  reproductively  active  periods  of  the  three 

Emoia  species,  but  the  correlation  between  E.  nigra  and  E.  sa- 
moense is  moderately  high  and  positive  (r  =  .78,  .05  <  p  <  .1). 

Most  interesting  is  the  moderately  high,  but  negative  correlation 
between  the  reproductive  activities  of  E.  cyanura  and  E.  nigra 

(r  =  -.60,.05<p<.l). 

Reproductive  Effort 

Reproductive  effort  is  defined  as  that  proportion  of  the  total 

energy  budget  of  an  organism  that  is  devoted  to  reproductive  proc- 
esses (Hirshfield  and  Tinkle,  1975).  Three  questions  pertain  to  this 

concept:  (1)  What  index  actually  measures  reproductive  effort? 
(2)  What  environmental  conditions  act  as  selective  factors  for  high 
and  low  levels  of  effort?    (3)  How  are  those  conditions  predicted? 

Earlier  workers  (Gadgil  and  Bossert,  1970;  Tinkle,  1969,  and 

Tinkle,  et  al.,  1970)  used  ratios  of  clutch  to  body  weight  as  meas- 
ures of  reproductive  effort.  Later  workers  (Ballinger  and  Clark, 

1973;  Tinkle  and  Hadley,  1973;  Vitt,  1974;  Vitt  and  Ohmart,  1975) 
emphasized  the  use  of  caloric  ratios.  However,  Tinkle  and  Hadley 
(1975)  and  Hirshfield  and  Tinkle  (1975)  suggested  that  these  ratios 
were  inadequate,  because  the  concept  of  reproductive  effort,  as 
defined  by  Fisher  (1930),  requires  measurements  that  can  be  fitted 
to  demographic  models,  not  instantaneous  values.  Thus  total  en- 

ergy budgets,  incorporating  data  on  the  proportional  distribution  of 

energy  to  growth,  maintenance  and  reproduction,  on  an  age-specific 
basis,  are  necessary  to  assess  more  accurately  reproductive  effort  at 

the  population  level  (Vitt,  1978).  Caloric  ratios  facilitate  the  cal- 
culation of  total  energy  budgets  lor  species  having  well  known 

demographic  parameters  (Vitt,  1978).  These  ealoric  ratios  are  pre- 
sented in  Table  6  lor  four  species  of  the  genus  Emoia  coexisting  in 

(lie  same  habitats  on  American  Sainoan  Islands,  as  a  basis  to  winch 
future  demographic  studies  could  be  applied.  For  three  of  the  four 
species  with  a  clutch  size  of  essentially  two  eggs,  caloric  values  of 

relative  clutch  masses  are  significantly  different  (Table  6,  p's  <  .05). 
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Vitt  and  Congdon  (1978)  proposed  that  relative  clutch  masses 
(in  terms  of  the  caloric  conversions  above)  are  predictable  on  the 
basis  of  body  shapes  of  lizards  as  related  to  certain  aspects  of  their 
ecology.  They  proposed  that  the  two  extremes  of  foraging  and 
predator  escape  behaviors,  sit  and  wait  foragers  versus  wide  for- 

agers (MacArthur  and  Pianka,  1966;  Pianka,  1973;  and  Schoener, 
1971),  typified  species  with  cryptic  coloration  and  high  relative 
clutch  masses,  and  noncryptic  coloration  and  low  relative  clutch 

masses,  respectively.  Species  with  contrasting  combinations  of  be- 
haviors and  coloration  (or  escape  strategies)  were  termed  inter- 

mediate. 

Schwaner  (1979)  described  the  ecology  of  the  four  coexisting 

species  of  Emoia  in  American  Samoa,  relative  to  resource  partition- 
ing, behavior,  and  moq)hological  correlations  to  microhabitat  pref- 

erences. Emoia  nigra  is  a  widely  foraging  terrestrial  species,  highly 
visible  by  its  black  coloration,  and  most  wary  of  all  the  species,  as 
demonstrated  by  its  flight  at  the  slightest  disturbance.  Emoia 

samoense  exhibits  the  other  extreme;  the  species  is  arboreal,  cryp- 
tically colored  (green),  is  much  less  wary  than  E.  nigra,  and  forages 

in  a  rather  limited  (horizontal)  area  on  tree  trunks  and  in  low 
vegetation  at  the  bases  of  trees.  Emoia  lawesii  is  also  cryptically 
colored,  terrestrial  (but  confined  to  coral  rubble  substrates),  and 
moves  relatively  slowly  among  the  rocks  when  disturbed.  Emoia 

cyanura  is  a  small,  widely  foraging,  semi-arboreal  species,  quick  to 
escape  when  disturbed,  with  a  bright  blue  tail  which  may  be  used 
as  a  decoy  escape  mechanism  from  predators;  it  would,  therefore, 

correspond  more  closely  to  Vitt  and  Congdon's  (1978)  intermediate strategy. 

When  these  ecological  and  behavioral  traits  are  compared  with 
the  caloric  ratios,  the  correlations  are  opposite  of  those  described 
by  Vitt  and  Congdon  (1978)  for  the  two  extreme  strategies.  Emoia 
nigra  the  wide  forager  has  the  highest  ratio,  while  E.  samoense  and 
E.  lawesii,  the  cryptic,  more  sedentary  species,  have  the  lowest 

ratios.  Emoia  cyanura,  with  an  intermediate  strategy,  has  an  inter- 
mediate caloric  ratio  between  the  two  extreme  groups. 

Thus  most  lizard  species  in  American  Samoa  characteristically 

exhibit  continuous  reproductive  activity  with  slight  annual  vari- 
ations (Sherbrooke,  1975;  Duellman,  1978).  In  most  species  for 

which  sufficient  data  are  available,  the  general  reproductive  strategy 

appears  to  be  multiple  clutches  annually,  rather  than  the  single 
clutches  found  in  most  temperate  lizards  (Tinkle,  et  al,  1970). 
Duellman  (1978)  stated  that  the  reproductive  strategies  of  lizards 

must  be  considered  in  terms  of  their  phylogenetic  limitations,  struc- 

tural habitats,  and  interactions  witli  other  species.  The  basic  as- 
sumption is  that  clutch  mass,  relative  to  body  mass,  determines  the 
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agility  of  a  gravid  female  lizard,  and  thus,  her  survival  (and  the 
survival  of  her  eggs )  when  threatened. 

In  American  Samoa,  gekkonids  exhibit  a  constant  clutch  size  of 
two  eggs,  probably  reflecting  the  inherent  pattern  exhibited 
throughout  the  family.  Alternatively,  or  concommitantly,  this  pat- 

tern also  may  reflect  the  load-bearing  limitations  imposed  by  their 
arboreal  habits,  particularly  for  those  species  residing  on  building 
walls  (Andrews  and  Rand,  1974).  Schwaner  (1979)  suggested  that 
the  richest  gekkonid  communities  on  American  Samoan  islands  are 

closely  packed  ecologically,  perhaps  at  the  point  of  limiting  simi- 
larity (MacArthur  and  Levins,  1967).  The  reproductive  modes  of 

these  species,  involving  low  clutch  size,  continuous  breeding  activ- 
ity, multiple  clutches  annually,  resistence  of  eggs  to  dissecation, 

prolonged  incubation  times,  ability  to  affix  eggs  to  surfaces  (L. 
lugubris),  and  parthenogenetic  forms  (L.  lugubris  and,  perhaps,  C. 
pelagicus),  are  adaptations  well  suited  to  both  colonization  and 
maximal  avoidance  of  competition  (and  resistence  to  predation). 

The  presence  of  another  parthenogenetic  species,  Cyrtodactylus 

pelagicus,  in  American  Samoa  would  not  be  surprising;  Lepido- 
dactylus  lugubris  (Cuellar  and  Kluge,  1972,  is  a  known  unisexual 
species  on  these  islands,  and  two  others,  Gehyra  variegata  (Hall, 
1970)  and  Hemidactylus  garnotii  (Kluge  and  Eckhardt,  1969)  are 

found  on  nearby  islands.  Cuellar  ( 1977 )  summarized  the  data  con- 
cerning parthenogenetic  species  on  islands  and  noted  that  enhance- 

ment of  colonizing  ability  may  be  by  prolonged  sperm  storage  or 
parthenogenesis.  Cuellar  dismissed  sperm  storage  as  a  strictly 
island  phenomenon,  since  it  apparently  evolves  on  mainlands  in 
response  to  other  selective  factors;  however,  prolonged  incubation 
periods  have  been  demonstrated  for  G.  oceanica  (see  above),  and 
parthenogenesis  as  another  alternative  seems  ideal  for  American 
Samoan  species.  Their  survival  on  these  islands  obviously  depends 

in  large  part  on  how  quickly  their  populations  can  respond  to  peri- 
odic catastrophy  such  as  seawater  innundations  of  lowland  forests 

during  tropical  storms,  volcanism,  and  human  disturbance  of  low- 
land habitats. 

Populations  of  C.  pelagicus  on  New  Guinea  and  adjacent  islands 
appear  to  have  equal  sex  ratios  (Herbert  C.  Dessauer,  pers.  comm.). 
However,  if  populations  on  American  Samoa  are  parthenogenic,  the 
possibility  of  finding  a  male  is  remote.  Introduction  of  a  male  into 
an  all  female  population  might  result  in  matings  with  disruption 
of  clones  and  the  production  of  triploid  offspring:  if  some  of  these 
triploids  are  males,  further  inbreeding  would  eventually  build 
chromosome  complements  so  high  that  the  whole  population  could 

eventually  "crash"  under  the  "weight"  of  its  increasing  chromosome 
number  (Jay  Cole,  pers.  comm.). 

Parthenogenesis  has  been  found  in  only  about  1%  of  the  known 
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lizard  species.  As  a  reproductive  mode  on  islands,  and  in  disclimax 
areas  where  few  potentially  competing  species  coexist,  however,  it 
appears  a  viable  strategy  which  may  be  widespread  in  species  on 
other  islands  in  the  Pacific  region. 

Among  scincids  in  American  Samoa,  small  skinks  exhibit  a  con- 
stant low  clutch  size  of  two  eggs,  but  larger  skinks  have,  maximally, 

two  (E.  lawesii  and  E.  adspersa),  three  (E.  nigra)  and  seven  (E. 
samoense)  eggs  per  clutch.  Small  skinks  exhibit  small  clutches 
probably  due  to  the  restrictions  of  small  body  size  and  the  need  for 
rapid  escape  (or  protection  of  young  in  the  case  of  L.  noctua),  as 
suggested  by  Duellman  (1978)  for  small  lizards  in  tropical  South 
America.  Although  clutch  sizes  are  low  in  small  skinks,  like  the 
geckos,  this  may  be  compensated  for  by  continuous  breeding  and 
multiple  clutches  annually. 

Competition  for  small  food  items  perhaps  limits  the  coexistence 
of  these  forms  in  the  same  microhabitats  in  American  Samoa 

(Schwaner,  1979);  but,  interspecific  competition  would  seem  to  have 
little  effect  on  reproductive  modes,  clutch  sizes,  frequency  of  egg 
deposition,  patterns  in  annual  reproductive  activity,  and  choice  of 
nesting  sites  among  species  so  widely  divergent  in  microhabitats. 
However,  predation  by  larger  lizards,  birds,  the  Pacific  boa,  Can- 
doia  bibroni,  and  land  crabs  (feeding  on  eggs)  may  be  sufficiently 
high  to  account  for  the  differences  in  reproductive  modes  exhibited 
by  small  skinks. 

The  secretive  and  viviporous  habits  of  L.  noctua  probably  pro- 
tect adults  and  young  from  predatory  species.  Tinkle  and  Gibbons 

(1977)  reviewed  the  evidence  supporting  the  evolution  of  viviparity 
in  lizards.  Their  list  of  possible  benefits  for  viviparity  included: 
(1)  protection  of  eggs  from  environmental  mortality,  (2)  favorable 
thermoregulation  for  the  developing  embryos,  (3)  economy  to  the 
female  in  providing  sustenance  during  development  rather  than 
making  the  entire  reproductive  commitment  at  ovulation,  and  (4) 
greater  predictability  in  placement  of  newborn  young  in  optimal 
sites  at  partuition.  Not  only  are  the  secretive  microhabitats  of  L. 

noctua  often  "foraged  over"  by  other  large  and  small  scincid  spe- 
cies (Schwaner,  1979),  but  also  by  the  large  gecko,  G.  oceanica, 

which  favors  nesting  sites  under  the  bark  of  rotting  coconut  stumps. 
The  reproductive  mode  of  L.  noctua  seems,  therefore,  ideally  suited 
for  a  microenvironment  where  nesting  sites  may  be  limited;  its 
secretive  habits  provide  maximal  separation  from  most  other  com- 
peting  or  predatory  species.  Thermoregulation  could  Ik?  accom- 

plished simply  by  shifting  to  the  sunny  or  shady  sides  of  rotting 
stumps,  under  the  bark,  similar  to  the  way  Eumcces  cgregius  in  the 
Southeaster!]  United  States  facilitates  incubation  of  eggs  in  pocket- 
gopher  mounds  by  shifting  from  lower  to  higher  levels  in  burrows 
at  different  times  of  the  day  (Mount,  1963).    Cryptoblepharis  bou- 
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tonii  is  perhaps  protected  by  its  isolation  in  littoral  strand  habitats 
not  explored  by  the  larger  lizard  species. 

But  what  of  E.  cyanura,  which  must  forage  and  deposit  its  eggs 
in  the  same  habitats  with  the  larger,  predatory  species?  Perhaps  the 
staggered  foraging  times,  as  well  as  greater  efficiency  in  handling 
smaller  food  items,  intermediate  foraging  heights  above  ground, 
and,  possibly,  its  tail  coloration  as  a  predator  escape  mechanism, 
contribute  to  the  coexistence  of  E.  cyanura  with  the  larger  species. 
The  moderately  high  negative  correlation  between  E.  cyanura  and 
E.  nigra  for  their  percentages  of  reproductively  active  females, 
could  mean  that  E.  cyanura  has  access  to  nesting  sites  also  surveyed 
by  E.  nigra,  but  at  different  times  of  the  year. 

Among  the  larger  species,  the  significant  correlation  between 
reproductive  activity  and  mean  monthly  relative  humidity  during 
the  day  seems  related  to  the  swelling  of  eggs  during  incubation. 
Swelling  provides  at  least  three  functions  (Cunningham  and  Huene, 
1938):  (1)  actual  use  of  water  by  the  embryo,  (2)  protection  from 

external  pressure  on  the  embryo  by  keeping  the  shell  fully  dis- 
tended, and  ( 3 )  as  a  device  for  rupturing  eggs  ( the  latter  function 

has  been  confirmed  by  these  authors,  and  follows  my  own  obser- 
vation for  the  disappearance  of  portions  of  the  calcareous  shell  at 

which  initial  rupturing  of  the  egg  occurs ) .  Otherwise,  few  climatic 
factors  seem  to  affect  the  reproductive  frequencies  of  these  species. 

Like  Ameiva  ameiva  in  tropical  South  America,  Emoia  nigra 

may  exhibit  low  clutch  sizes  due  to  the  necessity  of  rapid  move- 
ments (Simmons,  1975;  Duellman,  1978);  although  there  seem  to 

be  few  predators  capable  of  attacking  an  adult  E.  nigra  on  Amer- 
ican Samoan  islands,  the  pattern  may  have  evolved  in  other  areas 

(e.g.  New  Guinea)  where  large  predators  are  present.  Alternatively, 
the  low  number  of  large  eggs  in  clutches  of  E.  nigra  may  facilitate 

the  placement  of  large,  early  maturing  hatchlings  capable  of  suc- 
cessfully competing  with  other  small  lizards  (Duellman,  1978),  or 

avoiding  predation  by  their  cannibalistic  parents  (Schwaner,  1979). 

The  large  clutch  size  of  E.  samoensc  markedly  contrasts  with 
that  of  other  large  skinks  on  American  Samoan  islands.  Perhaps 
like  some  arboreal  species  in  tropical  Asia  (i.e.,  Draco;  Inger  and 
Greenberg,  1966)  and  South  America  (i.e.,  Enyalioides  laticeps; 
Duellman,  1978),  E.  samoensc  is  sufficiently  isolated  by  microhabi- 
tat  that  its  reproductive  habits  are  generally  not  affected  by  the 
interspecific  interactions  that  apparently  limit  clutch  size  in  other, 
more  terrestrial  skinks. 

Thus,  the  positive  correlation  between  monthly  reproductive 
frequencies  of  E.  nigra  and  E.  samoensc  does  not  necessarily  imply 
overlap  in  nesting  sites.  The  predation  by  E.  nigra  on  E.  samoense 
eggs  noted  above  may  be  an  exceptional  case,  taking  place  in 
mangrove  forest  where  nesting  sites  are  obviously  more  limited  for 



50         OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

the  terrestrial  species.  Alternatively,  if  E.  samoense  eggs  are  laid 
in  arboreal  nests,  these  sites  may  be  sensitive  to  adverse  ambient 

weather  conditions,  thus,  limiting  their  favorability  to  the  develop- 
ing eggs.  The  eggs  of  E.  samoense  must  also  absorb  water.  This 

necessity  may  be  indicated  by  the  negative  correlation  between 
reproductive  frequencies  and  duration  of  daylight,  because  months 
with  shorter  days  are  also  highly  correlated  with  maximal  rainfall 
and  low  wind  speed.  This  could  assure  that  such  potential  nesting 
sites  as  epiphytic  birdnest  ferns  are  saturated  with  water  and  less 

prone  to  drying  by  wind.  Perhaps  the  apparent  retention,  or  pro- 
longed development,  of  ova  by  E.  samoense  is  also  related  to  the 

limitations  of  available  nesting  sites  in  arboreal  habitats.  If  the  eggs 
are  laid  singly  ( which  must  be  determined  by  further  study )  more 
time  would  be  required  in  finding  suitable  nests. 

The  lengthy  incubation  period  of  E.  laivesii  eggs  may  simply 

reflect  the  cooler  environments  in  which  the  eggs  are  placed,  as- 
suming that  these  nests  are  under  the  layers  of  coral  plates  to  which 

the  species  is  apparently  restricted.  The  markedly  lower  active 
foraging  temperatures  of  E.  lawesii  than  for  all  other  scincid  species 

in  American  Samoa  (Schwaner,  1979)  may  be  related  to  egg  de- 
velopment at  these  presumably  low  temperatures. 

The  general  conclusion  for  most  American  Samoan  lizards  seems 
to  suggest  that  their  reproductive  strategies  reflect  adaptations  more 
for  avoidance  of  interspecific  interactions  than  for  climatic  variables 
which  greatly  influence  other  species  in  seasonal  temperate  and 
equatorial  tropical  areas. 
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A  REVIEW  OF  THE  PHYLLOMEDUSA  BUCKLEY1 

GROUP  (ANURA:  HYLIDAE) 

By 

David  
C.  Cannatella1 The  leaf -frogs  of  the  subfamily  Phyllomedusinae  are  among  the 

most  bizarre  residents  of  the  Neotropics.  Currently,  the  group  con- 
sists of  three  genera — Agalychnis,  Pachymedusa,  and  Phyllomedusa 

(Duellman,  1968).  Members  of  the  genus  Agalychnis  inhabit  humid 
lowland  and  montane  forests  of  Middle  America  and  northwestern 

South  America.  This  genus  includes  eight  species,  most  with  bril- 
liant flash  colors  and  well-developed  interdigital  webbing.  The 

monotypic  Pachymedusa  has  a  robust  body  and  occurs  in  the  dry 

lowlands  of  western  Mexico.  The  genus  Phyllomedusa — an  unnat- 
ural assemblage  of  about  30  species — is  primarily  South  American; 

only  two  species  are  known  from  Central  America  (see  Duellman, 

1977,  for  list  of  species).  The  more  specialized  species  of  Phyllo- 
medusa have  highly  modified,  grasping  feet,  and  demonstrate  a 

walking,  rather  than  the  leaping  gait  characteristic  of  Agalychnis. 

Possibly  one  extreme  in  morphology  among  phyllomedusines  is 

exemplified  in  Phyllomedusa  sauvagei,  a  plain,  xeric-adapted  spe- 
cies with  enormous  parotoid  glands  and  specialized  grasping  feet 

with  no  webbing.  In  contrast,  Agalychnis  callidryas,  occurring  in 
humid  tropical  lowlands,  has  gaudy  flash  colors  and  extensively 
webbed  hands  and  feet.  Between  these  extremes  is  a  group  of  rela- 

tively generalized  species  inhabiting  northwestern  South  America 
and  southern  Central  America — the  Phyllomedusa  huckleyi  group. 

The  purposes  of  this  paper  are  1)  to  define  the  P.  huckleyi 
group,  2)  to  diagnose  the  species,  and  3)  to  present  new  data  and 
to  review  the  available  data  on  the  biology  of  the  species. 

1  Division  of  Herpetology,  Museum  of  Natural  History,  The  University  of 
Kansas,  Lawrence,  Kansas  66045. 
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Materials  and  Methods 

The  systematic  studies  are  based  on  the  examination  of  262 
preserved  frogs,  21  skeletal  preparations,  15  lots  of  tadpoles,  two 
clutches  of  eggs,  and  15  radiographs.  Recordings  of  calls  were 
analyzed  with  a  Vibralyzer  (Kay  Electric  Company).  Calls  were 
analyzed  and  measurements  of  external  morphological  characters 

were  taken  in  the  manner  described  by  Duellman  (1970).  Osteo- 
logical observations  and  terminology  were  based  on  Trueb  ( 1973, 

1977).  Statistics  were  computed  in  part  with  the  aid  of  BMDP 
programs  (Dixon,  1975).  Webbing  formulae  were  described  in  the 
manner  of  Savage  and  Heyer  (1967),  and  tadpoles  and  eggs  were 
staged  according  to  Gosner  (1960).  Muscle  dissections  were  stained 
as  described  by  Bock  and  Shear  (1972).  Illustrations  were  executed 

by  means  of  a  Wild  M-8  microscope  with  a  camera  lucida  attach- 
ment. Ecological  data  and  color  notes  were  taken  from  the  field 

notes  of  William  E.  Duellman  and  the  author;  these  are  filed  in  the 

Museum  of  Natural  History  at  The  University  of  Kansas.  Through- 
out the  text  snout-vent  length  is  abbreviated  as  SVL. 
Specimens  are  referred  to  by  the  following  abbreviations: 

AMNH         American  Museum  of  Natural  History 
BMNH  British  Museum  (Natural  History) 
BYU  Brigham  Young  University 

CAS-SU        California  Academy  of  Sciences 
EBRG  Estaci6n  Biol6gica  Rancho  Grande 
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FMNH  Field  Museum  of  Natural  History 
ICN  Instituto  de  Ciencias  Naturales,  Bogota 
KU  The  University  of  Kansas  Museum  of  Natural  History 
MCZ  Museum  of  Comparative  Zoology 
NHRM  Naturhistoriska  Riksmuseet,  Stockholm 
UMMZ  The  University  of  Michigan  Museum  of  Zoology 

USC-CRE  University  of  Southern  California 
USNM  National  Museum  of  Natural  History 

SYSTEMATICS 

The  Phyllomedusa  buckleyi  Group 

Definition. — 1)  Sexual  dimorphism  in  size;  SVL  to  44.5  mm  in 
males,  54.7  mm  in  females;  2)  hands  and  feet  less  than  one-fourth 
webbed;  3)  calcars  present  or  not;  4)  parotoid  gland  not  differen- 

tiated; 5)  white  dorsal  warts  present  or  not;  6)  males  having  thin 
horny  nuptial  excrescence;  7)  males  having  single,  median  subgular 

vocal  sac;  8)  first  toe  shorter  than  second;  9)  palpebrum  unpig- 
mented;  10)  dorsum  uniformly  green  by  day  with  reddish  brown 
flecks,  lacking  pattern;  11)  flanks  bright  orange  in  life,  lacking  spots 
or  pattern;  12)  iris  creamy  white,  with  silver  to  bronze  cast;  13) 
prevomerine  teeth  present  in  some  individuals  of  all  species,  situ- 

ated on  posteromedially  directed  dentigerous  processes;  14)  fron- 
toparietal fontanelle  exposed  as  a  large  oval;  15)  quadratojugal 

present  or  not;  16)  sacral  diapophyses  widely  expanded,  with  con- 
vex edges;  17)  posterior  portion  (pars  scapularis)  of  depressor  man- 

dibulae  absent;  18)  nektonic  tadpoles  having  oval  bodies  and  mod- 
erately deep  tail  fins;  19)  mouths  of  larvae  anteroventral,  lacking 

labial  papillae  anteromedially;  20)  tadpoles  having  a  denticle 
formula  of  2/3. 

Content. — Four  species:  Phyllomedusa  buckleyi  Boulenger, 
1882;  P.  lemur  Boulenger,  1882;  P.  medinai  Funkhouser,  1962;  P. 
psilopygion  new  species. 

Distribution. — The  combined  distributions  of  the  four  species 
include  the  Cordillera  de  la  Costa  in  Venezuela,  the  Caribbean  and 
Pacific  slopes  of  highlands  in  Panama  and  Costa  Rica,  the  Choco 
region  of  Colombia,  and  the  Amazonian  slopes  of  Ecuador,  with  an 
altitudinal  range  of  100  to  1870  m  (Figs.  1  and  2). 

Remarks. — The  frogs  of  the  P.  buckleyi  group  most  closely  re- 
semble some  of  the  small  generalized  Phyllomedusa  inhabiting  the 

coastal  ranges  of  southeastern  Brasil — aspera,  cochranae,  fimbriata, 
guttata,  and  marginata.  Phyllomedusa  aspera  is  too  poorly  known 
to  warrant  further  comparison  with  the  buckleyi  group.  According 
to  Izecksohn  and  da  Cruz  ( 1976 ) ,  fimbriata  and  marginata  f orm  a 

natural  group;  P.  guttata  and  cochranae  form  another  species-pair 
on  the  basis  of  their  specialized  larvae  (Bokermann,  1966).   These 
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Fig.  2. — Distribution  of  Phyllomedusa  buckleyi   (squares),  P.  psilopygion 
(circles),  and  P.  medinai  (triangle). 

stream-adapted  larvae,  as  well  as  the  spotted  pattern  on  the  flanks 
of  the  adults,  separate  the  guttata  group  from  the  buckleyi  group. 
The  fimbriata  group  (fimbriata  and  marginata)  can  be  distinguished 
by  the  presence  of  a  long,  pointed  calcar  and  tadpoles  with  labial 
papillae  present  anteromedially  (Lutz  and  Lutz,  1939);  in  addition, 
the  feet  of  fimbriata  are  about  one-half  webbed.  Phyllomedusa 
marginata  differs  further  from  the  buckleyi  complex  by  a  bicolored 
iris  and  gray  to  beige  flanks  (Izecksohn  and  da  Cruz,  1976). 

Duellman  (1973)  referred  Phyllomedusa  perinesos  to  the  buck- 
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leyi  group.  His  conclusions  were  based  on  his  examination  of  the 

only  known  specimen,  the  holotype.  Material  collected  subse- 
quently has  yielded  the  following  data  on  perinesos  that  exclude  it 

from  the  buckleyi  group:  (1)  parotoid  gland  differentiated;  (2) 

posterior  portion  (pars  scapularis)  of  the  depressor  mandibulae  pres- 
ent; (3)  first  toe  equal  in  length  to  second.  These  three  characters 

alone  ally  perinesos  to  the  more  specialized  species  of  Phyllomedusa 
with  grasping  feet,  such  as  tarsius  and  tomopterna.  In  members  of 
the  buckleyi  group  the  first  toe  is  distinctly  shorter  than  the  second; 
as  it  is  in  Agalychnis  and  Pachymedusa.  In  skeletal  preparations  of 
species  of  the  buckleyi  group,  Metatarsal  I  is  distinctly  shorter  than 
Metatarsal  II.  In  species  with  specialized  grasping  feet,  such  as 
perinesos,  tarsius,  rohdei,  and  sauvagei,  Metatarsal  I  is  equal  to,  or 
greater  in  length  than  Metatarsal  II.  In  these  species  the  first  toe 
is  superficially  equal  to,  or  greater  in  length  than  the  second  toe; 
this  condition  obviously  is  derived.  Data  from  Anderson  (1978) 
demonstrate  correlative  differences  in  myology  of  the  foot.  Thus,  on 
the  basis  of  foot  structure,  as  well  as  the  other  characters  mentioned 
above,  perinesos  is  excluded  from  the  buckleyi  group. 

Duellman  (1970)  remarked  that  possibly  lemur  and  medinai  are 
conspecific.  The  various  lines  of  evidence  discussed  below  do  not 
support  this  suggestion. 

Duellman  (1968,  1969)  suggested  that  the  buckleyi  group  should 
be  accorded  generic  status.  From  my  investigations  of  phyllo- 
medusines,  it  is  clear  that  the  buckleyi  group  does  not  belong  in 
the  genus  Phyllomedusa;  however,  the  proper  generic  allocation  of 
these  unspecialized  frogs  must  await  the  completion  of  studies  on 
other  phyllomedusines  now  in  progress. 

Within  the  buckleyi  group,  buckleyi  and  medinai  are  phenet- 
ically  most  similar;  lemur  and  psilopygion  closely  resemble  each 
other.  As  will  be  seen  in  the  following  sections,  these  similarities  are 
based  on  superficial  similarity  and  are  not  necessarily  indicative  of 
relationship. 

Analysis  of  Characters 

External  Morphology 

Size  and  Proportions. — Pertinent  measurements  and  ratios  are 
given  in  Tables  1  and  2.  The  species  of  the  P.  buckleyi  group  are 
moderate-sized  frogs.  Phyllomedusa  buckleyi  is  the  largest  (SVL  of 
females  to  54.7  mm);  P.  lemur  is  the  smallest — females  from 
Tapanti,  Costa  Rica  attain  a  SVL  of  41.6  mm.  Phyllomedusa  lemur 
also  exhibits  a  trend  for  increase  in  size  from  west  to  east  (Table 
3).  The  largest  specimen  of  lemur  examined  is  a  female  having  a 
SVL  of  52.7  mm. 

For  each  ratio  in  Table  2,  a  Kruskal-Wallis  analysis  of  variance 
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(Conover,  1971)  was  run  among  the  species  (males  only).  For  each 

ratio  the  null  hypothesis — that  a  ratio  was  the  same  in  all  species — 
was  rejected  (P  <  0.001).  A  multiple  range  test  for  ranked  data 
(Dunn,  1964)  was  performed  next  for  each  ratio  (Table  4). 

Coloration. — The  group  is  characterized  by  a  uniformly  green 
dorsum  (by  day)  with  bright  orange  concealed  surfaces  of  the  limbs 
and  flanks,  bearing  no  spots  or  pattern.  The  coloration  alone  sets 
the  group  apart  from  other  phyllomedusines.  By  night  the  dorsum 
is  brown,  as  in  some  Agahjchnis.  The  venter  is  creamy  white  with 

no  markings.  The  iris  is  off-white  with  a  silver  to  bronze  cast.  A 
clear  palpebrum  distinguishes  the  group  from  P  achy  medusa  and 
Agahjchnis  (except  calcarifer  and  craspedopus) .  Some  individuals 
of  medinai,  psilopygion,  and  buckleyi  bear  dorsal  warts;  the  black 

outer  border  seen  on  the  warts  of  some  Agahjchnis  is  lacking.  Phyl- 
lomedusa  lemur  has  no  dorsal  warts.  There  is  no  ontogenetic 
change  in  color  in  those  species  for  which  the  young  are  known. 

Skin. — The  dorsal  skin  is  smooth,  with  a  slight  shagreen,  in  all 
species;  the  belly  skin  is  granular.  Some  specimens  of  buckleyi 
develop  faint  tubercles  on  the  hind  limbs  and  loreal  region;  P. 
psilopygion  and  buckleyi  bear  small  calcars.  The  grossly  thickened 
and  well-differentiated  parotoid  glands  seen  in  more  specialized 
Phyllomedusa  are  absent  from  this  group,  as  they  are  from  Pachy- 
medusa  and  all  Agahjchnis. 

Hands  and  Feet. — The  hands  and  feet  are  less  than  one-fourth 
webbed  (Table  5).  Phyllomedusa  medinai  has  the  greatest  amount 
of  webbing  (Fig.  3);  buckleyi  has  slightly  less  (see  Duellman,  1969, 
for  illustration ) .  Phyllamedusa  lemur  bears  only  traces  of  webbing, 
(see  Duellman,  1970,  for  illustration)  as  does  psilopygion  (Fig.  3). 
The  slightly  enlarged  prepollex  bears  a  thin  horny  nuptial  excres- 

cence in  breeding  males.  A  small,  round  outer  metatarsal  tubercle 
is  sometimes  present  in  buckleyi  and  medinai,  but  absent  in  the 
other  species.  A  small,  oval  inner  metatarsal  tubercle  is  uniformly 
present.  The  first  toe  is  shorter  than  the  second.  The  discs  on  the 

fingers  and  toes  are  relatively  larger  in  medinai  and  buckleyi  than 
in  lemur. 

Osteology 

Cranium. — The  skulls  are  moderately  broad  and  flat;  they  lack 
exostosis,  co-ossification,  and  casquing  (Figs.  4  and  5).  Phyllo- 

medusa psilopygion  exhibits  the  weakest  overall  ossification.  In 
p8HopygUm  and  medinai  the  sknll  is  slightly  wider  than  it  is  long; 
in  buckleyi  and  lemur  the  width  is  about  the  same  as  the  length. 
Each  sknll  is  about  one-third  as  high  as  long.  In  dorsal  view,  the 
snout  is  acutely  rounded — that  portion  of  the  maxilla  anterior  to 
the  palatines  is  almost  straight.  The  skull  of  psilopygion  is  the 
largest  in  relative  size. 
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Fig.  3.— Top:  Hand  and  foot  of  Phyllomedusa  medinai,  KU  167187  fe- male Bottom:  Hand  and  foot  of  P.  psilopygion,  KU  169612,  female  Line equals  2  cm.  
*JUM; 
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The  nasals  are  moderately  large  and  narrowly  separated  medi- 
ally. In  lemur  they  are  the  largest  and  contact  the  ossified  portion 

of  the  sphenethmoid  in  larger  specimens.  The  nasals  are  slightly 
smaller  in  psilopygion;  the  maxillary  processes  are  narrower  than 
those  of  lemur.  The  nasals  are  smallest  in  buckleyi  and  medium, 
and  are  notched  on  the  posterior  edge. 

The  ossified  portion  of  the  sphenethmoid  is  shallow  in  the 
group;  it  is  most  poorly  developed  in  psilopygion.  Because  the 
frontoparietals  are  slender,  the  exposed  frontoparietal  fontanelle  is 

a  large  oval.  The  frontoparietals  diverge  slightly  in  medinai,  result- 
ing in  a  greater  relative  interorbital  width  in  that  species.  The  pos- 

terior borders  of  the  frontoparietals  are  obscured  by  the  irregular 
ossification  patterns  on  the  exoccipital.  The  exoccipital  is  poorly 
ossified  in  psilopygion;  it  is  slightly  better  developed  in  the  other 
species.  In  all  species  the  squamosal  articulates  with  the  distal 
portion  of  the  crista  parotica  that  is  cartilaginous.  The  otic  rami  of 

the  squamosals  are  of  comparable  length  in  all  species.  The  zygo- 
matic ramus  is  shortest  in  psilopygion;  in  the  other  species  the 

ramus  is  longer,  extending  about  one-third  the  distance  to  the  max- 
illary. The  articulation  of  the  squamosal  and  pterygoid  is  at  approx- 

imately the  level  of  the  occipital  condyles. 

Phyllomedusa  medinai  lacks  a  quadratojugal  (Fig.  5);  it  is  pres- 
ent but  poorly  ossified  in  the  others.  In  buckleyi  and  lemur  the 

quadratojugal  may  or  may  not  overlap  the  maxilla.  The  maxillae 
are  slender  and  lack  postorbital  processes;  preorbital  processes  are 
uniformly  present,  and  do  not  contact  the  maxillary  processes  of 
the  nasals.  The  pars  facialis  is  very  shallow  in  psilopygion,  deepest 
in  lemur,  and  moderately  developed  in  buckleyi  and  medinai.  The 
pars  palatina  is  narrow  in  all  species,  being  a  little  wider  than  the 
pars  dentalis.  Maxillary  and  premaxillary  tooth  counts  are  as  follows 

(n  =  number  of  elements,  mean  in  parentheses):  buckleyi,  8(S-95  per 
maxilla  (n  =  4,  93)  and  13-16  per  premaxilla  (n  —  4,  13);  lemur, 
69-96  (n  =  6,  79)  and  11-15  (n  =  6,  13);  medinai,  100-102  (n  =  2, 
101)  and  14-15  (n  ==  2,  15);  psilopygion,  86-93  (n  =  2,  90)  and 
12-12  (n  =  2,  12).  The  great  range  in  maxillary  teeth  in  lemur  re- 

flects the  range  of  maxillary  lengths;  there  is  a  direct  relationship 
between  the  number  of  teeth  and  the  length  of  the  maxilla. 

The  septomaxillaries  are  I '-shaped.  The  alary  processes  of  the 
premaxillaries  arc  directed  dorsally  in  lemur  and  psilopygion,  and 
pOSterodorsally  in  buckleyi  and  medinai.  In  all  species  the  length 

"I  the  alary  processes  IS  about  the  same  as  the  length  of  the  pre- 
maxillary tOOth  row.  The  processes  are  notched  in  all  species;  they 

diverge  slightly  in  buckleyi  and  medinai.  The  pars  palatina  is  mod- 
erately  developed  and  widens  distally  in  the  group.  The  prominent 
palatine  processes  arc  about  one-hall  the  length  of  the  premaxillary 
tooth  row. 
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The  pterygoids  are  uniformly  triradiate  and  weakly  developed. 
The  anterior  rami  terminate  one-third  of  the  orbital  length  from  the 
anterior  borders.  The  medial  rami  articulate  synchondrotically  with 
the  anterolateral  corners  of  the  otic  capsules.  The  parasphenoids 

are  T-shaped,  lacking  ridges  or  odontoids.  The  alae  are  acuminate 
and  posterolaterally  directed.  The  cultriform  processes  are  about 
twice  the  width  of  the  alae  and  bear  slightly  notched  termini.  In 
medinai  the  cultriform  process  reaches  almost  to  the  level  of  the 
palatines;  in  the  others  it  is  slightly  shorter  and  barely  overlaps  the 

ossified  portion  of  the  sphenethmoid.  In  ventral  view  the  ossifi- 
cation of  the  sphenethmoid  in  all  species  extends  to  the  midlevel 

of  the  orbit. 

The  slender  palatines  are  widened  and  flattened  distally.  Phyl- 
lomedusa  lemur  possesses  thin,  anteromedially  directed  processes 
that  originate  from  the  anterior  border  of  the  distal  ends  of  the 

palatines.  These  peculiar  processes  appear  to  reinforce  the  antero- 
lateral margins  of  the  internal  nares  (Fig.  5).  In  all  species,  the 

palatines  are  separated  medially  by  a  distance  equal  to  the  width 
of  the  sphenethmoid. 

The  prevomers  are  small,  with  thin  lateral  processes  forming  the 

anterior  and  medial  borders  of  the  choanae.  The  dentigerous  proc- 
esses are  short  and  oriented  posteromedially  (\/);  they  are  almost 

perpendicular  to  the  midline  in  medinai. 

All  specimens  of  lemur  from  localities  west  of  Moravia  de  Tur- 
rialba,  Costa  Rica,  lack  dentigerous  processes  and  prevomerine 

teeth.  Specimens  from  Moravia  de  Turrialba  are  variable;  den- 
tigerous processes  and/ or  teeth  are  sometimes  present.  Specimens 

from  localities  east  of  Moravia  de  Turrialba  have  prevomerine  teeth 

more  often  than  not.  The  presence  of  prevomerine  teeth  and  den- 
tigerous processes  in  lemur  is  correlated  roughly  with  the  SVL  of 

the  specimen,  for  there  exists  a  trend  for  increase  in  SVL  from  west 

to  east  (Table  3).  In  buckleyi,  medinai,  and  psilopygion,  dentiger- 
ous processes  are  invariably  present;  teeth  may  be  absent.  The 

prevomerine  tooth  counts  for  the  species  are  as  follows  (range,  mean 

in  parentheses,  n  =  number  of  elements):  buckleyi,  0-6  (4,  n  = 
56);  medinai,  0-4  (2,  n  =  14);  lemur,  0-5  (2,  n  =  30);  psilopygion, 
0-5  (2,  n  =  14).  The  presence  of  prevomerine  teeth  in  medinai 
and  lemur  has  not  been  reported  previously  by  other  authors  (Funk- 
houser,  1962;  Duellman,  1969). 

The  occipital  condyles  are  widely  separated  and  stalked.  Colu- 
mellae  are  slender,  and  present  in  all  species. 

The  mandibles  lack  ridges  or  odontoids.  The  dentaries  and 
angulars  are  moderately  developed;  a  small  coronoid  process  is 
present.  The  mentomeckelian  elements  are  poorly  ossified. 

Vertebral  Column. — Eight  presacral  vertebrae  are  uniformly 
present.    The  cervical  cotyles  are  widely  separated  in  all  species. 
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The  neural  arches  are  low  and  non-imbricate.  Poorly  developed 
neural  spines  are  present  only  on  Presacrals  I  and  II.  The  width  of 
the  transverse  processes  of  Presacral  III  slightly  exceeds  the  width 

of  the  sacral  diapophyses  in  medinai,  lemur  and  buckleyi.  In  psi- 
lopygion  the  widths  are  subequal.  The  transverse  processes  in  all 
species  are  moderately  wide  and  subequal  in  width.  The  profile  of 
the  process  widths  gradually  narrows  posteriorly.  The  tips  of  the 

transverse  processes  of  Presacrals  III-V  bear  conspicuous  bits  of 
calcified  cartilage.  These  are  noticeable  in  both  dry  and  alizarin 

preparations.  The  processes  of  Presacrals  III-IV  are  directed  pos- 
terolaterally.  The  processes  of  Presacral  VI  are  directed  only  slightly 

posteriorly;  in  the  remaining  vertebrae  the  processes  are  anterolat- 
erally  directed,  the  inclination  being  most  pronounced  in  lemur. 

The  vertebral  centra  are  uniformly  procoelous.  The  sacral  dia- 
pophyses of  all  species  are  widely  expanded  and  articulate  over  a 

wide  area  with  the  ilial  shaft.  In  psilopygion  small  flanges  are  pres- 
ent posteriorly  at  the  base  of  the  sacral  diapophyses.  In  all  species 

the  coccyx  bears  no  distinct  ridge.  A  bicondylar  sacro-coccygeal 
articulation  is  present  in  buckleyi,  lemur  and  medinai.  In  all  speci- 

mens of  psilopygion  the  coccyx  is  fused  to  the  sacrum  with  no  trace 
of  a  suture.  To  my  knowledge,  this  is  the  first  report  of  a  fused 

sacro-coccygeal  articulation  in  the  Hylidae  (Trueb,  1973). 

Pectoral  Girdle. — The  pectoral  girdles  are  fully  arciferal;  the 
sterna  are  bifurcate  and  exhibit  only  traces  of  calcium  deposition. 
The  omosternum  is  questionably  present  in  buckleyi  and  lemur  as 
a  small  bit  of  cartilage;  it  is  absent  in  medinai  and  psilopygion. 
The  clavicles  are  slender  and  moderately  arched;  the  coracoids  are 
moderately  robust  and  are  best  developed  in  medinai.  Procoracoid 
cartilage  is  present  in  all  species;  it  is  most  extensive  in  medinai. 
The  epicoracoid  cartilages  are  moderately  curved  and  overlap  over 
most  of  their  length.  The  scapulae  are  much  longer  than  the  clav- 

icles and  are  proximally  bifurcate  in  all  species.  The  cleithra  are 
bicapitate  distally  in  buckleyi  and  medinai,  and  uncleft  in  the 
others.  The  suprascapular  cartilages  are  about  as  long  as  wide; 
small  amounts  of  calcium  deposition  can  be  noted. 

Pelvic  Girdle. — The  ilia  of  all  species  lack  any  indication  of  a 
crest  on  the  shaft.  Low  dorsal  protuberances  are  present  in  all 

species.  The  lateral  preace tabular  angle  is  less  than  90°  in  the 
group;  the  interior  pelvic  angle  is  about  35°.  The  acetabular  length 
is  greater  than  the  acetabular  height.  The  ischium  is  moderately 
expanded;  the  pubis  is  poorly  ossified. 

Myology 

The  terminology  of  the  following  muscle  descriptions  follows 
Starrett  (1968)  and  Tyler  (1971). 
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Fig.  4. — Dorsal  (left)  and  ventral  (right)  views  of  skulls  of  Phyllomedusa 
pailopygion  (top),  KU  169613,  male,  paratype,  and  P.  buckleyi  (bottom), 
KU  179-405,  male.    Line  equals  1  cm. 

Depressor  Musculature. — The  main  portion  of  the  depressor 
mandibtllae  Originates  from  the  posterior  ramus  of  the  squamosal 
(no  fibers  arise  from  the  erista  parotiea)  and  inserts  on  the  end  of 
I  he  mandible.  A  smaller  slip  of  the  depressor  mandibulae  arises 

From  the  medial  aspect  of  the  posteroventral  portion  of  the  tym- 
panic ring  cartilage  and  also  inserts  on  the  end  of  the  mandible. 

No  slips  ol  the  depressor  mandibulae  arise  from  the  dorsal  fascia 
of  the  suprascapula.  In  Starretfs  code,  the  musculature  can  be 
characterized  as  SQat. 

Adductor  Musculature. — The  adductor  mandibulae  externus 
lateralis  is  present  in  all  four  species,  and  originates  from  the 
quadratojugal  and  the  base  of  the  squamosal,  except  in  medinai. 
The  center  <>l  ossification  is  lost  from  the  quadratojugal  in  medinai, 
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Fig.  5. — Dorsal  (left)  and  ventral  (right)  views  of  skulls  of  Phyllomedusa 
lemur  (top),  KU  31707,  male,  and  P.  medinai  (bottom),  KU  179407,  female. 
Line  equals  1  cm. 

and  the  muscle  originates  solely  from  the  squamosal.  The  lateral 
face  of  the  angular  receives  the  insertion  in  all  species. 

The  a.m.  externus  superficialis  is  present  and  well-developed  in 
all  species,  and  passes  laterad  to  the  mandibular  branch  of  the  tri- 

geminal nerve  (V3).  This  muscle  originates  from  anterior  ramus 
and  proximal  portion  of  the  ventral  ramus  of  the  squamosal,  and 
inserts  on  the  lateral  face  of  the  mandible. 

The  a.m.  anterior  interims  is  present  in  all  species,  and  takes  its 
origin  from  the  dorsal  and  lateral  surfaces  of  the  frontoparietal, 
becoming  more  tendinous  where  it  passes  laterad  to  the  anterior 
ramus  of  the  pterygoid  to  insert  on  the  medial  face  of  the  angular. 

Present  also  in  all  species  is  the  a.m.  posterior  longus.  This  most 
prominent  of  the  adductor  series  arises  from  the  dorsal  surface  of 
the  crista  parotica  and  inserts  on  the  angular. 
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Table  4. — Multiple  range  comparisons  of  ratios  between  species,  males  only. 
1  =  P.  buckleyi,  2  =  P.  lemur,  3  =  P.  viedinai,  4  =  P.  psilopygion.    Sample 
sizes   as    in   Table   2.     The   species   subtended   by  lines   are   not   significantly 

different  from  each  other  at  the  0.05  level. 

Ratio  Multiple  range  comparison 

TIB/SVL    _   _           2  4  13 

FOOT/SVL    -   -             13  2  4 

HLEN/SVL     _____           4 

HWID/SVL      _         4 

Likewise,  the  a.m.  posterior  articularis  is  found  in  all  species, 
originating  from  the  ventral  ramus  of  the  squamosal  and  inserting 
on  the  lateral  face  of  the  mandible,  just  posterior  to  the  insertion  of 
the  externus  super  ficialis. 

The  a.m.  posterior  subexternus  apparently  is  absent  in  medinai 
and  psilopygion.  Only  one  specimen  of  each  species  was  dissected 
however.  In  buckleyi  and  lemur,  a  few  muscle  fibers  appear  to 
originate  from  the  anterior  arm  of  the  squamosal  and  pass  ventrad 
to  insert  on  the  lateral  face  of  the  mandible.  The  fibers  lie  medial 

to  nerve  V:i,  and  presumably  represent  a  very  reduced  posterior 
subexternus  muscle. 

Inter  mandibular  Musculature. — Tyler  (1971)  described  the  in- 
termandibular  muscles  for  a  number  of  phyllomedusines,  including 
buckleyi  and  lemur.  My  dissections  of  the  four  species  generally 

agree  with  Tyler's  observations  on  buckleyi  and  lemur.  The  sub- 
mentalis  is  small  and  araphic;  the  two  halves  of  the  principal 
element  of  the  intermandibularis  insert  medially  on  a  moderately 
wide  aponeurosis;  posterolateral  elements  of  the  intermandibularis 

are  present;  the  interhyoideus  is  entire  and  not  lobed.  The  afore- 
mentioned are  typical  phyllomedusine  conditions  (Tyler  and 

Da  vies,  1978). 
Tyler  (1971)  pointed  out  that  when  the  posterior  subexternus 

and  the  externus  superfitialis  are  both  present,  the  posterolateral' 
slip  of  the  intermandibularis  inserts  on  the  posterior  subexternus 
via  a  tendon,  and  the  site  of  attachment  is  concealed  by  the  ex- 

ternus super -ficialis.  Furthermore,  when  the  posterior  subexternus 
is  absent,  the  tendon  attaches  to  the  externus  supcrficiulis.  My  dis- 

sert inns  of  Pachymedusa  dacnicolor,  Agalychnis  callidryas,  and 

Phyllomedusa  tarsius  confirm  Tyler's  observation. 
In  all  members  Of  the  buckleyi  group,  the  tendon  of  the  postero- 

lateral element  inserts  on  the  externus  super  ficialis,  whether  the 
reduced  posterior  subexternus  is  present  (buckleyi  and  lemur)  or 
not     (medinai    and    psilopygion) .    Obviously,    further    analysis    is 
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Fig.  6. — Tadpoles  of  Phyllomedusa  psilopygion  (upper),  KU  170213;  P. 
lemur  (center),  USC-CRE  290-9;  P.  buckleyi  (lower),  KU  143553.  X  2.5. 

needed  to  ascertain  the  extent  of  ontogenetic  variation  in  the  jaw 
musculature  before  its  utility  in  systematics  can  be  realized  fully. 

Tadpoles 

Morphology. — In  general  morphology  the  tadpoles  of  the  P. 
buckleyi  group  resemble  those  of  Agalychnis  and  Pachy medusa 

(see  Duellman,  1970).  The  body  is  oval-shaped;  the  caudal  muscu- 
lature is  slender  ( Fig.  6 ) .  The  tail  fins  narrow  gradually  to  a  point. 

The  denticle  formula  is  2/3;  the  second  upper  row  is  interrupted 
medially.  The  medial  portion  of  the  upper  lip  lacks  papillae.  The 

labial  papillae  are  most  dense  in  lemur,  and  least  dense  in  psi- 
lopygion (Fig.  7). 
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The  chondrocranial  elements  are  visible  through  the  skin  in 
psilopygion;  this  is  probably  due  to  a  lack  of  pigment.  Since  the 
larvae  were  collected  from  a  natural  grotto,  the  condition  is  possibly 
environmentally  induced. 

Coloration. — The  body  of  buckleyi  is  grayish  brown  in  preserva- 
tive; that  of  psilopygion  is  pale  brown.  The  body  of  lemur  is  pur- 
plish pink  with  brown  mottling.  The  tail  musculature  is  cream  in 

buckleyi,  bluish  gray  in  psilopygion,  and  pale  cream  with  brown 
mottling  in  lemur.  Dark  brown  pigment  is  present  along  the  dorsal 
edge  of  the  tail  musculature  in  the  three  species;  the  tail  fins  are 
transparent  in  the  group. 

KEY  TO  THE  SPECIES  IN  THE  PHYLLOMEDUSA  BUCKLEYI  GROUP 

1.  Snout  sloping  in  lateral  view;  foot  about  one-fourth  webbed         2 
Snout  truncate  in  lateral  view;  foot  webbing  vestigial,  barely  visible        3 

2.  Calcar  generally  present;  quadratojugal  present       P.  buckleyi 
Calcar  absent;  quadratojugal  absent  ;            P.  medinai 

3.  Calcar  generally  present;  sacro-coccygeal  articulation  fused;  white  dorsal 
warts  usually  present;  para-anal  tubercles  absent             P.  psilopygion 
Calcar    absent;    sacro-coccygeal    articulation    bicondylar;    white    dorsal 
warts  never  present;  para-anal  tubercles  present     P.  lemur 

Accounts  of  Species 

Phyllomedusa  buckleyi  Boulenger 
Fig.  8 

Phyllomedusa  buckleyi  Boulenger,  1882:425,  pi.  29  [Holotype. — BMNH 
80.12.5.230  (RR  1947.2.22.35)  from  Sarayacu,  Provincia  de  Pastaza,  Ec- 
uador]. 

Phyllomedusa  loris  Boulenger,  1912:186  [Holotype.— BMNH  1912.11.1.71  (RR 
1947.2.25.82)  from  El  Topo,  Rio  Pastaza,  Provincia  de  Tungurahua,  Ecua- 
d)r;  synonymy  fide  Duellman,  1969:135]. 

Phyllomedusa  buckleyi — Nieden,  1923:344. 
Phyllomedusa  loris — Nieden,  1923:344. 

Hyla  (Ilylella)  porifcra  Andersson,  1945:81  [Holotype.— NHRM  1963  from  Rio 
Pastaza  watershed,  Ecuador;  synonymy  fide  Duellman,  1969:135]. 

Phyllomedusa  buckleyi— Lutz,  1950:601,619. 
Phyllomedusa  (Phyllomedusa)  loris— Lutz,  1950:601,619. 
Phyllomedusa  buckleyi — Funkhouser,  1957:26. 
Phyllomedusa  loris — Funkhouser,  1957:26. 
Phyllomedusa  buckleyi — Duellman,  1968:6. 
Phyllomedusa  loris — Duellman,  1968:6. 

Phyllomedusa  buckleyi — Duellman,  1969: 135. 

Diagnosis. — Phyllomedusa  buckleyi  differs  from  other  members 
of  the  buckleyi  group  bv  the  following  combination  of  characters: 
1)  modal  webbing  formula  of  foot  11(2+)— (3.5)111(2.5)— (3.75) 
IV(3.5)— (2+)V;  2)  calcar  present;  3)  snout  sloping  in  lateral 
Mew;  1)  para-anal  tubercles  present;  5)  outer  metatarsal  tubercle 

usually  present;  6')  white  dorsal  warts  usually  present;  7)  quad- 
ratojugal present;  8)  sacro-coccygeal  articulation  bicondylar. 
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Description. — Pertinent  measurements  and  proportions  in  Tables 
1  and  2.  Head  slightly  wider  than  body;  snout  short,  acutely 
rounded  in  dorsal  view;  in  lateral  view,  sloping  and  rounded  from 
lip  to  nostril  in  both  sexes;  canthus  rostralis  rounded,  distinct;  loreal 
region  concave;  lips  thin  and  not  flared;  nostrils  not  protuberant, 
directed  laterally;  internarial  region  flat;  eyes  large  and  protuber- 

ant; pupil  vertically  elliptical;  palpebrum  clear;  parotoid  glands  not 
differentiated;  supratympanic  fold  thin,  indistinct,  obscuring  dorsal 

edge  of  tympanum,  and  up  to  one-half  of  tympanum  in  some;  fold 
extending  posteroventrally  to  a  point  above  the  insertion  of  the 

arm;  tympanum  barely  distinct,  round,  separated  from  eye  by  dis- 
tance equal  to  horizontal  diameter  of  the  tympanum. 

Axillary  membrane  absent;  upper  arm  slender;  forearm  robust; 
ulnar  fold  low,  indistinct;  fingers  moderately  long;  relative  length 

from  shortest  to  longest  1-2-4-3;  discs  of  moderate  size,  rounded; 
subarticular  tubercles  large,  subconical;  distal  tubercle  on  fourth 
finger  bifid  in  most  specimens;  supernumerary  tubercles  lacking  on 
fingers;  palmar  tubercle  low,  diffuse,  rounded;  prepollex  slightly 
enlarged  and  bearing  thin,  horny  nuptial  excrescence  in  breeding 
males;  slight  rudimentary  webbing  between  the  last  three  fingers 
(Table  5). 

Legs  moderately  long  and  slender;  small,  blunt  calcar  on  heel; 
a  few  small  tubercles  below  calcar;  inner  tarsal  fold  barely  distinct; 
outer  tarsal  fold  barely  distinct,  appearing  merely  as  a  row  of  low 
tubercles  in  some;  toes  of  moderate  length;  relative  length  from 
shortest  to  longest  1-2-3-5-4;  discs  rounded,  smaller  than  those  on 
fingers;  inner  metatarsal  tubercle  flattened,  low,  elliptical;  outer 
metatarsal  tubercle  small  and  rounded;  webbing  absent  between 
first  and  second  toes;  rudimentary  webbing  between  second  and 
third,  and  basal  webbing  between  other  toes  (Table  5). 

Anal  opening  directed  ventrally  at  midlevel  of  thighs;  short  anal 

flap  present;  para-anal  region  tubercular;  skin  on  dorsum  minutely 
granular;  white  dorsal  warts  present  on  some  specimens;  small 
granules  in  loreal  and  temporal  regions;  skin  on  throat,  belly  and 
posteroventral  surface  of  thighs  distinctly  granular;  skin  elsewhere 

smooth;  tongue  lanceolate,  notched  posteriorly,  free  for  about  one- 
half  its  length;  prevomerine  teeth  present  in  most;  dentigerous 

processes  of  prevomers  small,  moderately  separated  medially,  ori- 
ented posteromedially  (\/)  at  anterior  level  of  elliptical  choanae; 

vocal  slits  present  in  males,  short,  parallel  to  jaw,  extending  from 
posterolateral  corner  of  tongue  to  corner  of  mouth;  vocal  sac  single, 
median,  subgular. 

Coloration. — In  life,  dorsum  lavender-brown  by  night;  by  day 

dorsum  pale  green  to  yellow-green,  with  purple  flecks;  dorsal  sur- 
faces of  toe  and  finger  discs  yellowish  white  with  green  wash; 

ventral  surfaces  of  hands  and  feet  flesh-colored;  venter  cream  with 



20 OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

g 

0) 

u 

£ 

■£ 

c 
V 
u 

3 

a 
c a a 

V 

.^ 

"O 

2-. 

C 

1 £ 
2 g -a 

3 

a | 

to 

2 | 

"B 

1 
3 13 

J C 
a MS 

£ s; 
3 

a 
V •8  S 

be 

I 

i  —»  to       JO 

cococococococMcoco 

Meow 

-fin  in cm  csi  cm 

+  m   + 
rt  co  co 

5 
,5 

+  +».       *p 
eM^cMcMcbco^cMcMCMcoco 
+  *>+£ 

COCOCOf^-^COCOCOCOTfTt 

CO^fCOTJlTJ^'<*lCO,^lCO■>*Tf<^t, 

Tb  in 
n  CO  co 

-fin  +    |  in  + 
CM  CM  CM      !         CM  CM  CM 

in  "^ 

M  W  W 

CO  CO  CO 

+  W  + 

cm  cm  cm 

in 

-fin  cm 
CM  CM   CM 

ct  +  + 

c^  cm  cm 

IV 
a. 

Q. 
-2 



PHYLLOMEDUSA  BUCKLEYI  GROUP  (ANURA:  HYLIDAE)        21 

orange  wash;  throat  off-white  with  pale  orange  wash;  flanks  and 
concealed  surfaces  bright  orange,  fading  to  cream  on  the  edges; 
ulnar  and  tarsal  fold  off-white;  anal  tubercles  off-white;  dorsal 

warts  pale  yellow;  fourth  finger  green  dorsally,  fading  to  pale  yel- 
low; third  ringer  dirty  yellow;  first  and  second  fingers  orange  dor- 

sally;  iris  dirty  cream;  palpebrum  clear,  upper  border  slightly  pig- 
mented. A  newly  metamorphosed  individual  (KU  178850)  had  the 

following  coloration:  dorsal  surfaces  of  body  and  limbs  light  green 
with  yellow  wash;  dorsal  surface  of  toe  pads  and  concealed  surfaces 

dull  orange;  dorsal  wart  light  yellow;  iris  off-white;  venter  fleshy 
orange;  upper  lip  dirty  yellow. 

In  preservative,  dorsal  surfaces  of  body,  forearms,  thighs, 
shanks,  tarsi,  third  and  fourth  fingers,  and  fourth  and  fifth  toes 
bluish  purple  to  pale  blue;  dorsal  warts,  anal  tubercles,  ulnar  and 
tarsal  fold,  white;  dark  flecks  present  dorsally;  other  surfaces  cream. 

Tadpoles. — About  45  tadpoles  were  examined,  ranging  in  de- 
velopment from  Stage  25  to  41.  The  range  of  body  lengths  is  8.4- 

24.1  mm;  the  range  of  total  lengths  is  22.1-58.0  mm.  A  represent- 
ative tadpole  (KU  143553)  is  illustrated  in  Fig.  6. 

The  following  description  is  based  on  KU  143553  and  166219: 

body  as  wide  as  deep,  deepest  and  widest  at  two-thirds  the  length 
of  the  body;  top  of  head  slightly  convex;  snout  acutely  rounded  in 
lateral  profile;  in  dorsal  view  almost  truncate;  nostrils  dorsolateral, 
directed  anterolaterally;  internarial  distance  less  than  width  of  oral 

disc;  eyes  dorsolateral  and  directed  laterally;  spiracle  a  flap-like 
tube,  ventral  and  sinistral  to  midline;  spiracular  opening  at  point 
about  midlength  of  the  body;  chondrocranial  elements  not  visible 
through  skin;  mouth  anteroventral  and  directed  anteriorly;  cloacal 
tube  short  and  dextral  to  caudal  fin;  slender  caudal  musculature 

tapers  gradually  to  posterior  end  of  fin;  myomeres  moderately  de- 
veloped; at  midlength  of  the  tail  the  depth  of  the  caudal  muscu- 

lature slightly  less  than  depth  of  ventral  fin,  but  greater  than  that 
of  dorsal  fin;  musculature  extending  to  tip  of  tail;  dorsal  fin  shallow 
anteriorly,  not  extending  onto  body;  fin  deepest  at  two-thirds  its 
length  from  anterior;  ventral  fin  deepest  at  midlength. 

Mouth  small,  with  a  shallow  lateral  fold;  medial  portion  of  up- 
per lip  lacking  papillae;  elsewhere,  papillae  present  in  two  to  three 

rows  along  the  border;  a  few  papillae  present  medial  to  border  in 
region  of  lateral  fold;  upper  beak  moderately  deep,  lower  beak 
shallow  and  finely  serrate;  upper  beak  with  about  twelve  coarse 
serrations  medially,  otherwise  finely  serrate;  two  upper  and  three 
lower  rows  of  denticles;  upper  rows  of  same  length;  first  upper  row 
uninterrupted,  second  row  broken  narrowly  medially;  three  lower 
rows  of  equal  length,  unbroken;  denticles  of  first  upper  and  third 
lower  rows  smaller  than  those  of  other  rows  ( Fig.  7 ) . 

In  life,  body  olive-brown  above;  venter  silver-yellow  to  creamy 
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Fig.  7.— Mouths  of  tadpoles.  A.  Phyllomedusa  buckleyi,  KU  166219;  B.  P. 
psilopygion,  KU  170213;  C.  P.  lemur,  USC-CRE  290-9.    Line  equals  2  mm. 

green  with  greenish  gold  iridescence  on  sides;  tail  musculature 
cream  to  tan;  fins  transparent;  iris  silver  to  bronze;  one  metamorphic 
with  emerging  forelimbs  has  a  green  dorsum  (KU  143553).  In 
preservative,  snout  and  top  of  head  grayish  brown;  sides  and  venter 
dark  bluish  gray;  caudal  musculature  dirty  cream  with  dorsal  edge 
of  musculature  dark  brown;  dorsal  and  ventral  fins  colorless  and 
transparent;  blood  vessels  easily  distinguished. 

One  lot  of  tadpoles  (KU  166218)  has  a  slightly  different  color- 
ation in  preservative:  the  caudal  musculature  is  light  purple  fading 

to  reddish  brown  anteriorly.  This  may  be  an  artifact  of  preserva- 
tion. Another  group  has  such  an  extremely  heavy  deposition  of 

melanophores  in  the  skin  of  the  body  and  tail  that  its  coloration  in 
life  was  described  as  black.  This  is  not  unexpected,  because  tad- 

poles of  Packymedusa  rfacnicolor  and  Phyllomedusa  trmitatus  are 

known  to  exhibit  a  "tail-darkening  reaction"  ( Hagnara,  1974). 
Eggs. — The  only  known  clutch  of  eggs  (n  =.  98)  was  deposited 

in  a  plastic  bag  by  a  female  (KU  143234)  in  amplexus.  The  site  of 
natural  oviposition  is  yet  unknown,  but  presumably  on  vegetation 
above  water.  The  elutch  ( KU  143552)  was  preserved  at  Stage  8 
(Gosner)j  the  total  egg  and  jelly  diameter  is  about  4.5  mm.  That 
of  the  egg  alone  is  about  3.1  mm.  In  life,  the  yolk  is  green;  the 
jelly,  clear. 

Etymology. — The  Specific  name  is  a  patronym  for  Mr.  Buckley, 
the  collector  of  the  holotype. 
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Distribution. — Phyllomedusa  buckleyi  is  known  from  eight  sites 
on  the  Amazonian  slopes  of  Ecuador,  in  the  drainages  of  the  Rio 
Coca  and  Rio  Pastaza,  at  elevations  of  400-1870  m  (Fig.  2). 

Ecology. — In  the  valley  of  the  upper  Rio  Coca  (Rio  Quijos), 
P.  buckleyi  occurs  in  lower  montane  rain  forest.  The  valley  is  some- 

what cut-over  along  the  Quito-Lago  Agrio  road;  temporary  ponds 
are  present  in  the  cut-over  areas  and  numerous  small  streams  drain 
the  slopes.  Tadpoles  of  buckleyi  have  been  taken  from  streamside 
pools,  temporary  ponds,  and  puddles. 

In  the  Pastaza  drainage  the  El  Topo  and  Abitagua  localities  are 

lower  montane  rainforest;  the  Sarayacu  site  is  rainforest.  Phyllo- 
medusa buckleyi  is  sympatric  with  P.  perinesos  in  the  Rio  Quijos 

Valley;  in  the  Rio  Pastaza  Valley  buckleyi  is  sympatric  with  P. 
vaillanti  and  P.  tarsius. 

Mating  Call. — No  recordings  of  the  mating  call  are  available. 
However,  from  field  observations  the  call  is  known  to  be  a  short 

"cluck." 
Remarks. — The  holotypes  of  P.  buckleyi  and  its  two  junior 

synonyms  (Phyllomedusa  loris  and  Hyla  porifera),  and  one  other 
specimen  (UMMZ  92101)  are  from  the  Rio  Pastaza  drainage.  All 
other  known  specimens  have  been  collected  by  University  of  Kansas 
field  parties  in  the  Rio  Quijos  Valley.  Most  individuals  have  been 

taken  at  night  on  low  vegetation  overhanging  pools  of  water.  Phyl- 
lomedusa buckleyi  and  perinesos  have  been  collected  syntopically 

in  the  Quijos  drainage  at  a  site  where  the  Quito-Lago  Agrio  road 
crosses  the  Rio  Salado.  At  this  site  twelve  perinesos  were  collected 

on  6-7  October  1974  from  bushes  and  tall  grass  in  the  vicinity  of  a 
small  pond;  no  buckleyi  were  taken.  On  17-19  March  1975  twelve 
perinesos  were  taken  from  low  vegetation  around  the  pond  and 

cut-over  forest  at  the  same  locality.  Seven  buckleyi  were  collected 
and  low  vegetation  adjacent  to  the  pond;  none  were  taken  from  the 

cut-over  forest.  At  this  same  site  about  60  perinesos  and  five 
buckleyi  were  collected  on  the  evening  of  17  July  1977,  following 
a  light  rain.  All  of  the  buckleyi  were  taken  from  low  vegetation 
overhanging  a  small  pond;  the  specimens  of  perinesos,  including 
amplectant  pairs,  also  were  found  around  the  pond,  but  the  vast 
majority  were  in  the  surrounding  forest  clearing,  several  meters 
from  water.  These  limited  data  suggest  spatial  segregation  for  the 
two  species. 

Phyllomedusa  lemur  Boulenger 

Fig.  9 

Phyllomedusa  lemur  Boulenger,   1882:425   [Holotype.— BMNH  74.8.11.9  (RR 
1947.2.22.36)  from  Costa  Rica]. 

Agalychnis  lemur — Cope,  1887:15. 
Agalychnis  lemur— Giinther,  1901(1885-1902):291. 
Phyllomedusa  lemur — Nieden,  1923:344. 
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Phyllomedusa  (Agalychnis)  lemur — Lutz,  1950:601,619. 
Phyllomedusa  lemu r— Taylor,  1952:809. 
Phyllomedusa  lemur — Funkhouser,  1957:31. 
Phyllomedusa  lemur — Duellman,  1968:6. 

Diagnosis. — Phyllomedusa  lemur  differs  from  other  members  of 
the  species  group  by  the  following  combination  of  characters:  1) 

modal  webbing  formula  of  foot  111(3)— (4)IV(4-)— (3")V;  2) 
calcar  absent;  3)  snout  truncate  in  lateral  view;  4)  para-anal 
tubercles  present;  5)  outer  metatarsal  tubercle  absent;  6)  white 

dorsal  warts  absent;  7)  quadratojugal  present;  8)  sacro-coccygeal 
articulation  bicondylar. 

Description. — Pertinent  measurements  and  proportions  in  Tables 
1  and  2.  Head  wider  than  body;  snout  short,  truncate  in  dorsal  and 

lateral  views  of  both  sexes;  nostrils  at  tip  of  snout,  directed  later- 
ally, not  protuberant;  internarial  region  flat;  canthus  distinct  and 

rounded;  loreal  region  barely  concave;  lips  thin,  not  flared;  inter- 
orbital  region  flat;  eyes  large  and  protuberant;  pupil  vertically  ellip- 

tical; palpebrum  clear;  parotoid  glands  not  differentiated;  supra- 
tympanic  fold  barely  discernible,  thin  and  obscuring  the  upper  edge 
of  tympanum;  tympanum  round,  distinct,  separated  from  eye  by 

distance  equal  to  about  three-fourths  the  diameter  of  tympanum. 

Axillary  membrane  absent;  upper  arm  slender;  forearm  moder- 
ately robust;  weak  ulnar  fold  extending  from  elbow  to  tip  of  fourth 

finger;  fingers  moderately  long  with  medium  size  round  discs;  web- 
bing, if  present,  very  scanty  ( Table  5 ) ;  order  of  fingers  from  short- 

est to  longest  1-2-4-3;  fingers  oval  in  cross-section;  subarticular 
tubercles  large  and  round,  single;  supernumerary  tubercles  small, 
low  and  indistinct;  palmar  tubercle  small,  round  and  flattened; 
prepollex  moderately  enlarged,  with  thin  horny  nuptial  excrescence 
in  breeding  males. 

Hind  limbs  slender  and  of  medium  length;  outer  tarsal  fold 
present,  barely  distinct;  calcar  absent,  very  small  tubercle  on  heel 
in  a  few;  inner  metatarsal  tubercle  low,  elliptical,  not  visible  from 
above;  outer  metatarsal  tubercle  absent;  toes  long  and  slender; 
discs  round,  smaller  than  those  on  fingers;  rudimentary  webbing 

present  (Table  5);  order  of  toes  from  shortest  to  longest  1-2-3-5-4; 
fifth  toe  with  slight  toe  fringe;  subarticular  tubercles  large  and 
round;  supernumerary  tubercles  small,  indistinct,  and  in  a  single 
row  on  proximal  portions  of  each  digit. 

Anus  directed  posteroventrally  at  midlevel  of  thighs;  short  anal 

sheath  present;  para-anal  region  and  ventral  surface  of  groin  tuber- 
cular; tongue  lanceolate,  moderately  notched  from  behind,  free 

posteriorly  for  one-half  its  length;  belly  skin  granular;  skin  else- 
where smooth;  white  dorsal  warts  absent;  no  osteoderms;  vocal  sac 

single,  median,  subgular,  barely  distensible;  prevomerine  teeth  in 
some;  dentigerous  processes  oriented  posteromedially  (\/)>  mod- 



PHYLLOMEDUSA  BUCKLEYI  GROUP  (ANURA:  HYLIDAE)        25 

erately  separated  just  posterior  to  the  anterior  border  of  elliptical 
choanae;  vocal  slits  present  in  males,  short,  extending  from  postero- 

lateral edge  of  tongue  to  corner  of  mouth. 

Coloration. — In  life,  pale  green  by  day;  dorsal  surfaces  of  body, 
forearm,  fourth  finger,  hind  limbs,  and  fourth  and  fifth  toes  pale 

green;  rest  of  hind  limb  and  dorsal  surfaces  of  toes  deep  orange- 
yellow;  dorsal  surfaces  of  upper  arms  dark  yellow;  flanks  orange; 
ventral  surfaces  of  arms,  hands  and  feet  pinkish  cream;  belly  creamy 
white;  chin,  upper  and  lower  lips,  outer  edge  of  tarsi  and  forearms 

white.  At  night,  dorsum  reddish  brown  to  lavender-brown;  thighs 
and  arms  deep  yellow;  venter  white;  pale  green  flecks  present  on 
dorsum  of  some;  iris  silver-bronze  with  a  black  periphery. 

In  preservative,  dorsum  light  bluish-gray  to  lavender  to  reddish- 
brown;  dark  brown  dorsal  flecks  in  some;  hidden  surfaces  of  limbs 
and  ventral  surfaces  creamy  white. 

Tadpoles. — Ten  tadpoles  of  P.  lemur  were  examined,  ranging 
from  Stage  25  to  Stage  41.  The  range  of  body  lengths  is  6.7-18.7 
mm;  the  range  of  total  lengths  is  16.5-49.7  mm.  A  representative 
tadpole  (USC-CRE  290-9)  is  illustrated  in  Fig.  6. 

The  following  description  is  based  on  USC-CRE  290-9,  a  tad- 
pole in  Stage  32  with  a  body  length  of  16.0  mm  and  total  length 

of  42.4  mm:  body  slightly  wider  than  deep,  being  deepest  and 

widest  at  a  point  two-thirds  the  length  of  the  body;  snout  acutely 
rounded  in  lateral  view;  in  dorsal  view  snout  almost  truncate;  nos- 

trils dorsolateral,  situated  one-fourth  distance  from  eye  to  tip  of 
snout,  and  directed  anterolaterally;  internarial  distance  equal  to 
width  of  oral  disc;  eyes  dorsolateral  and  directed  laterally;  spiracle 

a  flap-like  tube,  ventral  and  sinistral  to  midline,  situated  at  mid- 
length  of  body;  chondrocranial  elements  not  visible  through  skin; 
mouth  anteroventral  and  small,  directed  anteriorly;  short  cloacal 
tube,  dextral  to  caudal  fin;  slender  caudal  musculature  tapering 

posteriorly  gradually  to  end  of  fin;  myomeres  moderately  differenti- 
ated; at  midlength  of  tail  the  dorsal  fin,  ventral  fin,  and  caudal 

musculature  are  of  equal  depth;  dorsal  fin  deepest  at  a  point  two- 
thirds  the  length  of  the  tail,  and  extending  onto  body;  ventral  fin  of 
uniform  depth  anteriorly,  deepening  slightly  just  posterior  to  the 
midlength  of  the  tail  and  tapering  gradually  to  the  tip. 

Mouth  small,  with  a  slight  lateral  fold;  median  portion  of  upper 
lip  lacking  papillae;  elsewhere  mouth  bordered  by  two  to  three 
rows  of  papillae;  papillae  densely  packed  in  lateral  fold  region; 
upper  beak  moderately  deep;  lower  beak  shallower;  medial  portion 
of  upper  beak  edge  with  about  twelve  coarse  serrations;  lower  beak 
and  lateral  portions  of  upper  beak  finely  serrate;  two  upper  and 
three  lower  rows  of  denticles;  first  upper  and  third  lower  rows  with 
fine  denticles;  remaining  rows  with  coarse  denticles;  upper  rows  of 
equal  length,  the  second  being  interrupted  medially;  lower  rows 
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unbroken  and  shorter  than  upper  rows;  lower  third  row  shorter  than 
other  two  ( Fig.  7 ) . 

In  preservative,  top  of  head  brown;  sides  and  venter  purplish 
pink;  caudal  cream;  sides,  venter,  and  tail  with  brown  flecks  and 
mottling;  tail  fins  transparent,  with  some  brown  flecks  in  anterior 
portion  of  dorsal  and  ventral  fins. 

Eggs. — No  clutches  of  eggs  were  available  for  examination.  A 
color  transparency  (KU  1417)  of  a  clutch  of  presumably  Phyllo- 
medusa  lemur  eggs  from  Tapanti,  Costa  Rica,  demonstrates  a  clutch 
size  of  about  70.  The  eggs  are  arranged  in  a  single  layered  mass  in 
the  central  portion  of  the  upper  surface  of  a  leaf.  Van  Eijsden 
(1977)  reported  clutch  sizes  in  captivity  of  23  and  25  eggs. 

Etymology. — The  specific  name  is  a  noun  in  apposition,  in  refer- 
ence to  the  lemur-like  locomotion  of  the  species. 

Distribution. — The  species  is  found  primarily  on  the  Caribbean 
slopes  of  the  Cordilleras  de  Tilaran,  Central,  and  Talamanca  in 

Costa  Rica;  from  the  Atlantic  and  upper  Pacific  slopes  of  the  Cor- 
dillera de  Talamanca,  and  the  southern  slopes  of  the  Serrania  de 

Tabasara,  on  Cerro  Mali  and  Cerro  Tacarcuna  in  Panama.  The 
species  ranges  from  elevations  of  440  to  1600  m  ( Fig.  1 ) . 

Ecology. — Phyllomedusa  lemur  is  generally  considered  to  be  re- 
stricted to  the  Subtropical  Life  Zone  of  Holdridge  (Savage  and 

Heyer,  1969).  In  Costa  Rica  the  biotemperature  of  this  zone  is 

18-24°  at  altitudes  of  500-1500  m.  The  species  is  part  of  the  Carib- 
bean versant  fauna  in  Costa  Rica;  the  localities  around  Monteverde 

and  La  Palm  a  are  on  the  upper  Pacific  slopes,  virtually  on  the 

continental  divide  where  the  biota  is  essentially  an  "overflow"  from 
the  Caribbean  slopes.  Collections  from  Tapanti,  while  properly 
south  of  the  Cordillera  Central,  are  nonetheless  in  the  Atlantic 
drainage  of  the  Rio  Reventazon.  All  other  localities  in  Costa  Rica 
are  clearly  in  Atlantic  drainages. 

Records  of  the  species  in  Panama  are  sparse  and  widespread, 
and  the  ecological  distribution  requires  some  explanation.  Collec- 

tions from  the  western  province  of  Bocas  del  Toro  are  from  Carib- 
bean versant  lower  montane  rainforest.  In  western  Panama  the 

species  is  found  also  on  the  Pacific  slopes,  at  the  Fortuna  Dam  site 
on  the  upper  Rio  Chiriqui,  Provincia  de  Chiriqui.  The  upper 
Chiriqui  Valley  can  be  considered  Temperate  Wet  (Cf)  under  the 
Kopprn  system,  as  opposed  to  the  Temperate  Wet  and  Dry  climate 
(Cw)  that  is  characteristic  of  most  of  the  Pacific  versant,  including 
the  lower  drainage  of  the  Rio  Chiriqui.  The  dam  site  receives 
about  4000  mm  of  rain  annually  and  lacks  a  dry  season.  In  addition, 
the  berpetofauna  of  the  upper  Chiriqui  reflects  a  greater  zoogeo- 
graphic  affinity  to  the  Caribbean,  rather  than  the  Pacific  assemblage 
(Charles  W.  Myers,  pers.  coniin.).  The  exceptional  climate  and 
herpetofauna  can  be  explained  by  noting  that  the  upper  Chiriqui 
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Valley  structurally  divides  the  central  cordillera,  marking  the  west- 
ern end  of  the  Serrania  de  Tabasara  and  eastern  extent  of  the  Cor- 

dillera de  Talamanca.  In  this  depression  the  continental  divide 
drops  below  1200  m.  In  effect,  the  climate  and  herpetofauna  spill 
over  onto  the  Pacific  slopes. 

A  second  noteworthy  occurrence  of  Phyllomedusa  lemur  is  on 
the  south  slope  of  Cerro  Campana  and  at  El  Valle,  a  low  Pleistocene 

volcanic  crater  about  20  km  SW  of  Cerro  Campana.  Again,  a  sea- 
sonally dry  forest  is  associated  with  the  Pacific  drainages  of  this 

region.  However,  Cerro  Campana  is  the  eastern  terminus  of  the 
central  cordillera,  and  the  absence  of  nearby  high  mountains  allows 

the  1000  m  peak  and  the  surrounding  area  to  intercept  the  north- 
easterly Caribbean  winds,  with  the  resultant  orographic  rainfall. 

Thus  the  upper  Pacific  slopes  near  El  Valle  and  Cerro  Campana 
support  a  humid  subtropical  cloud  forest  ( Myers,  1969 ) . 

The  easternmost  extent  of  Phyllomedusa  lemur  is  the  drainage 
of  the  Rio  Tuira,  on  the  slopes  of  Cerro  Mali  and  Cerro  Tacarcuna. 
The  species  is  unknown  from  the  Caribbean  side  of  the  Serrania  del 
Darien;  thus  the  Rio  Tuira  sites,  in  humid  montane  forest,  are  the 
only  records  of  the  species  in  an  exclusively  Pacific  drainage.  The 
species  is  not  known  from  Colombia. 

Mating  Call. — The  mating  call  of  Phyllomedusa  lemur  is  a  very 
short  trill.  A  recording  from  La  Palma,  Costa  Rica  (KU  Tape  67), 

at  an  air  temperature  of  17.8CC,  consists  of  four  calls  in  a  period 
of  99  seconds.  The  call  duration  is  0.32-0.40  seconds.  The  funda- 

mental frequency  is  250-300  Hertz;  the  dominant  frequency  is 
about  950-1000  Hertz.  The  call  is  poorly  modulated;  harmonics  can 
be  distinguished  at  1350,  1900,  and  2200  Hertz.  The  pulse  rate  is 

39-41  pulses  per  second  (Fig.  10). 

Remarks.— Van  Eijsden  (1977)  and  Schulte  (1977)  provided 
observations  on  P.  lemur  in  captivity. 

Phyllomedusa  medinai  Funkhouser 

Fig.  9 

Phyllomedusa  medinae  Funkhouser,  1962:588  [Holotype. — EBRG  (no  number) 
from  Parque  Henri  Pittier,  Rancho  Grande,  Estado  de  Aragua,  Venezuela]. 

Phyllomedusa  medinae — Duellman,  1968:6. 

Diagnosis. — Phyllomedusa  medinai  differs  from  other  members 
of  the  species  group  by  the  following  combination  of  characters: 

1)  modal  webbing  formula  of  foot  1(2+)— (2.25)11(2+)— (3.5) 
111(2+)— (3.5)IV(3+)—(2+)V;  2)  calcar  absent;  3)  snout  sloping 
in  lateral  view;  4)  para-anal  tubercles  present;  5)  outer  metatarsal 
tubercle  sometimes  present;  6)  white  dorsal  warts  sometimes  pres- 

ent; 7)  quadratojugal  absent;  8)  sacro-coccygeal  articulation  bi- 
condylar. 
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Fir:.  8. — Top:  Phijllomedusa  pstiopygion,  male,  holotype,  SVL  42.0  mm, 
KU  169608.  Bottom:  P.  buckleyi,  male,  SVL  43.4  mm,  KU  143225.  Photos  by 
William  E.  Duellman. 

Description. —  Pertinent  measurements  and  proportions  in  Tables 
1  and  2.  Head  slightly  wider  than  body;  snout  short,  acutely 
rounded  in  dorsal  view;  intermediate  between  truncate  and  sloping 
in  lateral  view  in  both  sexes;  nostrils  at  tip  of  snout,  directed  later- 
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Fig.  9. — Top:  Phyllomedusa  medinai,  male,  SVL  43.2  mm,  KU  167186. 
Bottom:  P.  lemur,  female,  SVL  43.7  mm,  AMNH  94915.  Photos  by  William  E. 
Duellman  and  Charles  W.  Myers,  respectively. 

ally,  not  protuberant;  internarial  region  slightly  concave;  canthus 
rounded,  distinct;  loreal  region  barely  concave;  lips  thin,  not  flared; 
interorbital  region  flat;  eyes  large  and  protuberant;  pupil  vertically 
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elliptical;  palpebrum  clear;  parotoid  glands  not  differentiated;  su- 
pratympanic  fold  thin,  obscuring  dorsal  and  posterior  edge  of  tym- 

panum, extending  posteroventrad  to  angle  of  jaw;  tympanum  round, 

distinct,  separated  from  eye  by  distance  equal  to  one-half  diameter 
of  tympanum. 

Axillary  membrane  absent;  upper  arm  slender;  forearm  moder- 
ately robust,  stouter  in  males;  slight  ulnar  fold  extending  from 

elbow  to  disc  of  fourth  finger;  fingers  short;  discs  of  moderate  size, 

rounded;  order  of  fingers  from  shortest  to  longest  1-2-4-3;  fingers 
flattened  in  cross  section;  no  finger  fringe;  distal  subarticular  tuber- 

cles oval,  subcorneal,  large  and  single;  proximal  subarticular  tuber- 
cles more  rounded  and  smaller;  supernumerary  tubercles  small  and 

few  in  number,  in  a  single  row  on  proximal  portions  of  digits; 
palmar  tubercle  diffuse;  prepollex  moderately  developed,  with  thin 
horny  nuptial  excrescence  in  breeding  males;  small  amounts  of 
webbing  between  fingers  (Table  5). 

Hind  limbs  slender  and  moderately  long;  weak  tarsal  fold  ex- 
tending from  heel  to  pad  of  fourth  toe;  calcar  absent;  outer  meta- 

tarsal tubercle  present  in  some;  inner  metatarsal  tubercle  flat,  oval, 
small,  not  visible  from  dorsal  view;  toes  moderately  long,  with 
rudimentary  webbing  (Table  5);  discs  rounded,  smaller  than  those 

on  fingers;  distal  subarticular  tubercles  single,  medium  size,  sub- 
conical;  proximal  subarticular  tubercles  smaller  and  less  distinct; 
supernumerary  tubercles  very  few  in  number,  small  and  rounded; 

order  of  toes  from  shortest  to  longest  1-2-3-5-4. 
Anus  directed  ventrally  at  lower  level  of  thighs,  covered  by 

short  anal  flap;  para-anal  tubercles  present;  skin  on  belly  and  ven- 
tral surface  of  groin  finely  granular;  skin  on  anterior  part  of  body 

slightly  granular,  with  granules  becoming  better  defined  on  dorsal 
surface  of  hind  limbs  and  posterior  dorsum;  skin  smooth  elsewhere; 
white  dorsal  warts  present  in  some  specimens;  no  osteoderms; 

tongue  lanceolate,  slightly  notched,  free  posteriorly  for  one-third  to 
one-half  of  its  length  (tongue  round,  not  notched,  not  free  in  CAS- 
SU  21828);  prevomerine  teeth  present  in  about  one-half  of  the 
specimens;  dentigerous  processes  moderately  separated,  located 
midway  between  anterior  and  posterior  levels  of  elliptical  choanae, 

oriented  posteromedial^  (\/);  vocal  sac  single,  median,  and  sub- 
gnlar;  vocal  slits  present  in  males,  short,  extending  from  corner  of 
mouth  anteriorly  toward  posterolateral  corner  of  tongue. 

Coloration. — In  life,  dorsum  pale  green  by  day;  at  night,  reddish 
brOWIl  with  rusty  red  flecks;  ulnar  and  tarsal  strips  creamy  white; 
chest  and  throat  white;  belly,  other  ventral  surfaces,  upper  portions 
of  limbs,  hands  and  feet  orange;  iris  pale  silvery  bronze. 

In  preservative,  dorsal  surfaces  of  head,  body,  limbs,  portions  of 
fourth  finger  and  fourth  and  fifth  toes  dark  lavender  in  recently 
preserved  specimens,  reddish  brown  to  cream  in  faded  specimens; 
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upper  edge  of  palpebrum  pigmented;  brown  flecks  present  on  dor- 
sum of  all  specimens;  white  dorsal  warts  in  most;  ventral  and  con- 

cealed surfaces,  and  dorsal  surfaces  of  fingers  and  toes  creamy 
white. 

Tadpoles  and  Eggs. — The  tadpoles  and  eggs  mentioned  in  Funk- 
houser  ( 1962 )  apparently  are  lost.  However,  Dr.  Anne  Funkhouser 

has  kindly  provided  me  with  an  unpublished  manuscript  on  phyllo- 
medusine  tadpoles  from  which  is  taken  the  following  description, 
based  on  larvae  from  a  single  clutch  of  about  150  eggs: 

"Eggs,  gelatinous  coat  6  mm,  egg  proper  2  mm,  pale  blue. 
"Tadpoles.  Newly  hatched  larvae  (11  mm)  still  have  long  ex- 

ternal gills  which  become  covered  by  the  operculum  within  a  day 
after  hatching.  There  is  large  amount  of  yolk  present,  and  feeding 
does  not  begin  until  several  days  after  hatching. 

"In  18  mm  tadpoles  the  body  length  is  one-third  or  less  the  total 
length;  body  oval  in  outline  when  viewed  from  above;  deeper  than 

wide.  Eyes  lateral,  prominent.  Nostrils  subterminal.  Spiracle  ven- 
tral and  slightly  sinistral  to  longitudinal  body  axis;  opening  slightly 

closer  to  base  of  tail  than  to  snout.  Anus  median.  Tail  at  least 

twice  body  length;  fins  broadest  at  midpoint,  terminating  posteriorly 
in  a  pointed  tip.  Dorsal  fin  not  extending  onto  body. 

"Mouth  terminal.  Single  papillary  border  around  mouth  incom- 
plete above.  Beaks  broadly  arched;  lower  more  well-developed  than 

upper.  Labial  denticles  1/2;  upper  and  first  lower  interrupted  medi- 
ally; set  on  folds  of  skin. 

"In  life  somewhat  iridescent;  uncolored  except  for  scattered 
black  pigment  at  front  of  head,  along  tail  musculature  and  as  a 
conspicuous  inner  covering  of  the  abdominal  cavity.  Iridescence 

lost  with  preservation." The  labial  denticle  formula  recorded  above  is  associated  with 

an  obviously  young  tadpole.  I  would  predict  that  a  more  advanced 

tadpole  of  P.  medinai  would  have  the  normal  phyllomedusine  den- 
ticle formula  of  2/3. 

The  only  apparent  extant  larval  specimen  of  medinai  (KU 
179406)  is  a  single  metamorphic  young  at  Stage  43  with  a  SVL  of 
23.0  mm  and  total  length  of  44.6  mm.  The  adult  pattern  of  web- 

bing is  fully  developed  between  the  fingers  and  toes.  In  preserva- 
tive, the  dorsal  surfaces  are  light  gray-brown  with  several  dark 

brown  spots  on  the  dorsum.  The  venter  is  pale  gray. 
Funkhouser  (1962)  noted  that  the  colubrid  snake  Leimadophis 

zweifeli  preys  on  the  eggs  of  P.  medinai. 

Etymology. — The  specific  epithet  is  a  patronym  for  the  collector, 
Sr.  Gonzalo  Medina  Padilla. 

Distribution. — Phyllomedusa  medinai  is  known  only  from  the 
type  locality,  Rancho  Grande,  Venezuela,  1100  m  (Fig.  2). 

Ecology. — Little  is  known  of  the  habits  of  this  cloud  forest 
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dweller.  Two  specimens  (KU  167186-7)  were  taken  on  vegetation 
20-30  cm  above  ground  at  night.  The  range  of  temperatures  at  this 

time  (2-12  August  1974)  was  17.0-26.0°  C;  rainfall  averaged  13.8 
mm  per  day  with  a  range  of  0-54  mm. 

Mating  Call. — The  mating  call  of  the  species  is  unknown. 
Remarks. — The  Estacion  Biologica  Rancho  Grande  is  on  the 

southern  slope  of  the  coastal  (northern)  ami  of  the  Cordillera  de 
la  Costa  (Caribbean  range  of  the  Andes)  at  an  elevation  of  1100  m. 
Within  200  m  of  the  site  is  a  narrow  pass,  Portachuelo,  bordered 
on  the  east  by  Pico  Guacamayo  (1900  m),  and  on  the  west  by  Pico 
Periquito  ( 1500  m ) .  The  station,  noted  simply  as  Rancho  Grande 
on  maps,  is  part  of  the  Parque  Nacional  Henri  Pittier,  a  largely 

undisturbed  region.  Rancho  Grande  lies  in  an  ecologically  transi- 
tional zone  (Test,  Heatwole,  and  Sexton,  1966).  The  station  is  at 

the  lower  limit  of  cloud  forest  on  the  southern  face  of  the  divide; 

below  the  cloud  forest  there  is  a  wanner,  drier,  semi-deciduous 
vegetation  zone.  June,  July,  and  August  are  the  wettest  months; 
January,  February,  and  March  have  only  traces  of  rain. 

Rivero  ( 1967 )  suggested  that  since  the  species  was  named  in 
honor  of  Gonzalo  Medina,  the  spelling  of  the  trivial  name  as 
medinae  was  a  lapsus  calami  by  Funkhouser.  He  implied  that  the 
specific  epithet  should  be  spelled  as  medinai,  but  due  to  either  a 
typographical  error  or  lapsus  calami  on  his  part  he  again  spelled  it 

medinae.  According  to  the  1961  Code — in  effect  at  the  time  the 
species  was  described — a  species-group  name  fonned  from  the  per- 

sonal name  of  a  man  must  end  in  -i  (Article  31).  The  spelling  of 
the  specific  epithet  as  medinae  is  an  incorrect  original  spelling  and 
must  be  corrected  (Article  32).  The  name  is  emended  here  to 
medinai. 

Phyllomedusa  psilopygion  new  species 

Fig.  8 

Holotype.—KV  169608,  an  adult  male,  from  8  km  W  Danubio, 

Rio  Anchicaya,  Departamento  de  Vallc,  Colombia,  300  m,  [03°37'N, 
76°47'W],  obtained  on  12  June  1975,  by  William  E.  Duellman. 

Paratopotypes.— KU  169609-13,  William  E.  Duellman,  12-14 
June  1975;  ICN  4755,  Craig  Downer,  3  August  1978. 

Paratype. — AMNII  87873  from  Quebrada  Guangui,  Rio  Patia, 
in  the  Rio  Saija  drainage,  Departamento  de  Cauca,  Colombia,  C.  100 
m,  obtained  on  29  October  1971,  by  Adriano  Granja  and  Borys 
Malkin. 

Diagnosis. — Phyllomedusa  psilopygion  differs  from  other  mem- 
bers of  the  species  group  by  the  following  combination  of  charac- 

ters: I)  modal  webbing  Formula  of  loot  111(3  )— (4)IV(4-)~ 

(']  )V;  2)  calcar  present;  3)  snout  truncate  in  lateral  view;  4)  para- 
anal  tubercles  absent;  5)  outer  metatarsal  tubercle  absent;  6)  white 
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dorsal  warts  sometimes  present;  7)  quadratojugal  present;  8)  sacro- 
coccygeal articulation  fused. 

Description. — N  =  6  $  $  ,  2  5  5;  pertinent  measurements  and 
proportions  in  Tables  1  and  2.  Head  slightly  wider  than  body; 
snout  short,  truncate  in  lateral  view,  acutely  rounded  in  dorsal  view 

of  both  sexes;  nostrils  at  tip  of  snout,  not  protuberant,  directed  lat- 
erally; internarial  region  flat;  canthus  rounded;  loreal  region  barely 

concave;  lips  thin  and  not  flared;  interorbital  region  flat;  eyes  large 

and  protuberant;  pupil  vertically  elliptical;  palpebrum  clear;  paro- 
toid  glands  not  differentiated;  supratympanic  fold  thin,  obscuring 
dorsal  and  posterior  edge  of  tympanum,  extending  posteroventrad 
to  angle  of  jaw;  tympanum  round,  distinct,  separated  from  eye  by 
distance  equal  to  one-third  diameter  of  tympanum. 

Axillary  membrane  absent;  upper  arm  slender;  forearm  moder- 
ately developed,  with  weakly  developed  ulnar  fold  extending  from 

elbow  to  disc  of  fourth  finger;  fingers  of  moderate  length,  not 
webbed;  discs  rounded  and  small;  fingers  flattened  in  cross  section; 
slight  finger  fringe  present  on  either  side  of  digits;  order  of  fingers 
from  shortest  to  longest  1-2-4-3;  distal  subarticular  tubercles  barely 
rounded  and  elevated;  tubercle  on  fourth  finger  slightly  bifid;  super- 

numerary tubercles  small,  flattened,  present  proximally;  palmar  tu- 
bercle diffuse,  single;  prepollex  moderately  developed,  with  thin 

horny  nuptial  excrescence  in  breeding  males. 

Hind  limbs  slender  and  moderately  long;  weak  outer  tarsal  fold 
extending  from  small  calcar  and  merging  with  toe  fringe  of  fifth 
toe;  inner  tarsal  fold  very  weak;  outer  metatarsal  tubercle  absent; 
inner  metatarsal  tubercle  flat,  elliptical,  not  visible  from  above;  toes 
of  moderate  length,  webbed  basally  (Table  5);  discs  rounded, 
smaller  than  those  on  fingers;  toe  fringe  present,  widening  distally; 
subarticular  tubercles  large,  rounded,  flattened  on  the  more  distal 
segments;  supernumerary  tubercles  small  and  indistinct;  order  of 

toes  from  shortest  to  longest  1-2-3-5-4. 
Anus  directed  posteroventrally  at  midlevel  of  thighs,  covered 

by  short  anal  flap;  tubercles  absent  on  para-anal  region;  skin  on 
belly  and  ventral  surface  of  groin  faintly  granular,  smooth  else- 

where; white  dorsal  warts  present  in  some;  no  osteoderms;  tongue 

lanceolate,  slightly  notched  from  behind,  free  posteriorly  for  one- 
third  of  its  length;  prevomerine  teeth  present;  dentigerous  processes 
oriented  posteromedially  (\/),  moderately  separated  at  level  of 
anterior  margins  of  elliptical  choanae;  vocal  sac  single,  median, 

subgular;  vocal  slits  present  in  males,  short,  extending  from  postero- 
lateral corner  of  tongue  to  corner  of  mouth. 

Coloration. — In  life,  at  night,  dorsum  dull  green  to  reddish 
brown  with  green  flecks;  by  day,  pale  green  with  or  without  reddish 

brown  flecks;  dorsal  warts  creamy  yellow;  flanks,  upper  arms,  an- 
terior and  posterior  surfaces  of  thighs,  fingers  1-3,  toes  1-4,  and 
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ventral  surfaces  of  hind  limbs  bright  orange;  throat,  belly,  anal  re- 
gion and  ventral  portion  of  forearms  white;  tarsal  stripe  and  elbow 

pale  gray;  iris  creamy  white;  palpebrum  clear. 
In  preservative,  dorsal  surfaces  of  head,  body,  limbs,  fourth 

fingers  and  fourth  and  fifth  toes  dark  lavender  brown,  some  with 
splotches  of  bluish  gray  and  pink;  dorsal  warts  white;  ventral  and 
concealed  surfaces  and  dorsal  surfaces  of  fingers  1-3  and  toes  1—4 
creamy  white. 

Tadpoles.— A  lot  of  fifteen  tadpoles  (KU  170213),  all  at  Stage 
25,  was  examined.  The  mean  body  length  is  11.8  mm  (range,  8.5- 
17.9);  the  mean  total  length  is  29.4  mm  (range,  24.1-40.4).  A  typ- 

ical tadpole  with  body  length  of  17.9  mm  and  total  length  of  40.4 
mm  is  illustrated  in  Fig.  6. 

Body  slightly  wider  than  deep;  snout  acutely  rounded  in  lateral 
profile;  in  dorsal  view  snout  almost  truncate;  body  widest  and 

deepest  at  two-thirds  length  of  body;  nostrils  dorsolateral,  directed 
anterolaterally,  situated  at  end  of  snout;  internarial  distance  equal 
to  width  of  oral  disc;  eyes  dorsolateral  and  directed  laterally; 

spiracle  a  flap-like  tube,  ventral  and  sinistral  to  midline;  spiracular 
opening  at  a  point  slightly  more  than  one-third  length  of  body  from 
anterior  end;  skin  transparent;  chondrocranial  elements  visible 
through  dorsal  skin  of  head;  mouth  anteroventral  and  directed  an- 

teriorly; cloacal  tube  short  and  dextral  to  caudal  fin;  caudal  muscu- 
lature slender,  tapering  distally  to  end  of  fin;  myomeres  poorly 

differentiated;  ventral  fin  deepest  just  posterior  to  body  and  taper- 
ing gradually  to  tail  tip;  dorsal  fin  narrow  anteriorly,  widening  to 

its  deepest  at  midlength  of  tail;  dorsal  fin  never  as  deep  as  ventral 
fin  in  the  same  vertical  transect;  dorsal  fin  not  extending  onto  body. 

Mouth  small,  without  lateral  fold;  upper  lip  lacking  papillae 
medially;  otherwise,  papillae  present  in  one  row  laterally  and  two 
rows  ventrally  along  border;  very  few  present  elsewhere;  upper  and 
lower  beaks  shallow,  both  with  small  uniform  serrations;  two  upper 
and  three  lower  rows  of  denticles;  second  upper  row  interrupted 
medially;  upper  rows  of  equal  length;  lower  rows  unbroken  and  not 
as  long  as  upper  rows;  third  lower  row  shorter  than  others;  denticles 
on  first  upper  and  third  lower  rows  finer  than  those  of  other  rows 
(Fig.  7). 

In  life,  body  reddish  brown  above  with  gold  flecking  below; 
tail  bluish  gray;  smaller  individuals  nearly  pigmentless;  iris  pale 
bronze.  In  preservative,  dorsal  surface  brown;  sides  lighter  brown, 
almost  transparent  with  a  slight  metallic  blue  sheen;  caudal  fins 

transparent;  larger  tadpoles  having  dark  brown  pigment  along  dor- 
sal edge  of  caudal  musculature  and  tail  fin  in  the  anterior  half  of 

tail;  posterior  one-fourth  of  tail  fin  without  pigment. 

Egg*.— A  single  clutch  of  eggs  (KU  170214),  presumably  of  this 
species,  is  available  for  examination.    The  clutch  (n  =  32)  is  em- 
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bedded  in  a  single  gelatinous  matrix;  the  eggs  are  at  Stage  16;  the 
diameter  of  the  eggs  averages  4.3  mm.  In  life  the  yolk  is  grayish 
tan;  the  jelly,  clear. 

Etymology. — The  specific  epithet  is  derived  from  the  Greek 
psilos,  meaning  smooth  or  bare,  and  the  Greek  pyge,  f.,  meaning 

rump;  pygion  is  the  neuter  diminuitive  form.  The  epithet  psilo- 
pygion  is  a  noun  in  apposition,  applied  in  reference  to  the  lack  of 

para-anal  tubercles,  which  are  possessed  by  other  species  in  the 
group. 

Distribution. — Phyllomedusa  psilopygion  is  known  only  from 
elevations  of  100  and  300  m  on  the  Pacific  lowlands  of  southern 

Colombia  (Fig.  2). 

Ecology. — The  type  series  was  collected  in  an  area  of  steep 
slopes  covered  with  rainforest.  Some  males  were  found  calling 
from  bushes  and  tangled  vines  at  the  mouth  of  a  natural  grotto  at 
night.  Tadpoles  were  collected  from  the  same  grotto  by  Linda 

Trueb,  and  John  E.  Simmons  found  the  clutch  of  apparently  phyl- 
lomedusine  eggs  on  the  underside  of  a  rock  protruding  from  the 
side  of  the  grotto. 

During  the  period  10-14  June  1975  the  range  of  temperatures 

at  the  locality  was  21.0-32.0°  C;  the  average  rainfall  was  4.5  mm 
with  a  range  of  2.0-9.5  mm. 
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Fig.  10. — Audiospectrograms  of  mating  calls.    A.  Phyllomedusa  lemur  (KU 
Tape  67).   B.  P.  psilopygion  (KU  Tape  1350). 
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Mating  Call. — The  call  of  P.  psilopygion  consists  of  a  single 
chirp.  At  the  type  locality  on  13  June  1975,  five  calls  were  recorded 
during  a  period  of  143  seconds  from  KU  169611  (KU  Tape  1350) 

at  an  air  temperature  of  23°  C  at  2130  h.  The  call  duration  is  0.04- 
0.05  seconds.  The  fundamental  frequency  is  about  250  Hertz;  the 

dominant  frequency,  1900  Hertz.  The  well-modulated  call  has  dis- 
tinguishable harmonics  at  about  250,  700,  1100,  1500,  1900,  2300, 

2700,  3200,  3600,  4000,  and  4800  Hertz,  with  the  most  intense  fre- 
quencies at  1500,  1900,  and  2300  Hertz  (Fig.  10). 

Remarks. — The  type  locality  is  on  the  grounds  of  the  Central 
Hidroelectrica  de  Anchicaya  generating  facility.  One  paratype 
(AMNH  87873)  was  taken  in  the  drainage  of  the  Rio  Saija,  about 
120  km  SW  by  air  from  the  type  locality  (See  Myers  and  Daly, 
1976,  for  map).  This  paratype  differs  from  the  type  series  only  by 
the  apparent  absence  of  a  small  calcar  on  the  heel,  but  the  limbs 
are  strongly  flexed  at  the  heels,  where  the  skin  is  stretched  and 
possibly  abraded  slightly.  In  addition,  some  individuals  of  species 
normally  having  small  calcars  (e.g.,  P.  buckleyi)  do  lack  them. 

BIOGEOGRAPHY 

The  most  cogent  biogeographical  analyses  are  those  that  are 

based  on  a  hypothetico-deductive  model;  such  hypotheses  have  the 
potential  to  be  tested  and  falsified.  A  choice  between  competing 
hypotheses  therefore  will  have  a  logical  basis.  The  formulation  of 
such  biogeographical  hypotheses  requires  a  cladistic  analysis  of  the 
group  under  study  (Ball,  1975).  At  present,  the  lack  of  data  on 
other  phyllomedusines  precludes  the  formation  of  a  hypothesis  of 
relationships  within  the  buckleyi  group.  It  has  been  noted  in  pre- 

vious sections  that  buckleyi  and  medinai  are  superficially  most 
similar  to  each  other;  lemur  and  psilopygion  closely  resemble  each 
other.  Overall  phenetic  similarity  is  not  necessarily  indicative  of 

relationship,  however.  Thus,  a  deductive  analysis  of  the  biogeog- 
raphy  of  the  group  is  not  feasible.  It  is  of  heuristic  value  to  de- 
scribe  the  general  patterns  of  distribution  in  the  group,  however. 
The  four  allopatric  species  are  isolated  from  one  another  by  various 
segments  <>l  the  Andean  cordillera.  A  parsimonious  explanation 
that  does  not  invoke  unnecessan,  dispersal  is  that  the  Andean  orog- 

eny dissected  a  previously  widespread  species  in  northwestern 
South  America.  Possibly  this  stock  was  present  in  the  early  Plio- 
cene,  when  the  northern  Andes  lay  in  a  tropical  belt  with  the  great- 

est elevation  not  over  LOOOrn  (Van  der  Hammen,  1974).  The  major 
uplift  "I  the  cordillera  at  the  end  of  the  Pliocene  fragmented  the 
stock;  Further  differentiation  may  have  occurred  in  Pleistocene 
refugia  (Simpson,  1075;  naffer,  1970).   It  is  worth  noting  that  the 
presence  ol    P.  medinai  in   the  Cordillera  de  la  Costa  of  Venezuela 

provides  a  link  of   this  region  to  the  rest  of  the  Andes;  the  herpeto- 
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faunal  similarity  between  the  Cordillera  de  la  Costa  and  the  Andes 
of  Colombia  is  very  low  (Duellman,  pers.  comm.). 

It  is  significant  that  other  groups  of  montane  anurans  display 

similar  distribution  patterns  in  northwestern  South  America.  Hemi- 
phractus,  Rhamphophryne,  the  Hyla  bogotensis  group,  and  the 
Gastrotheca  cornuta  group  have  patterns  that  suggest  that  a  for- 

merly widespread  biota  was  divided  by  the  Andean  orogeny.  For 
distributional  analyses  of  these  groups  see  Duellman  (1972)  and 
Trueb  (1971,  1974). 

RESUMEN 

El  grupo  buckleyi  del  genero  Phyllomedusa  esta  compuesto  por 

cuatro  especies.  Una  de  ellas  descrita  aqui  como  nueva:  Phyllo- 
medusa psilopygion,  de  la  selva  de  la  region  de  Choco  en  Colombia, 

en  el  valle  del  Rio  Anchicaya  ( Departamento  de  Valle)  y  del  Rio 

Patia  (Departamento  de  Cauca).  De  las  otras  especies,  Phyllo- 
medusa lemur  es  conocida  de  las  laderas  caribes  de  Panama  y  Costa 

Rica;  P.  buckleyi  se  encuentra  en  las  laderas  amazonicas  del  Ecua- 
dor, y  P.  medinai  es  conocida  solo  de  Rancho  Grande,  Estado  de 

Aragua,  Venezuela.  Las  especies  habitan  selvas  humedas  de  100  m 
hasta  1870  m  de  altitud.  Miembros  del  group  buckleyi  difieren  de 
las  otras  especies  de  la  subfamilia  Phyllomedusinae  por  la  combi- 

nation siguiente  de  caracteres: 
1)  Membrana  de  manos  y  pies  menos  de  un  cuarto  del  longitud 

del  dedo. 

2)  Primer  dedo  posterior  mas  corto  que  el  segundo. 
3)  Glandula  parotida  no  diferenciada. 
4)  Parpado  inferior  sin  reticulation. 
5)  Flancos    anaranjados    (especimenes    vivos)    sin    barras    ni 

manchas. 

6 )  Ramo  posterior  (pars  scapularis)  del  musculo  depressor  man- 
dibulae  ausente. 

Phyllomedusa  perinesos  no  es  miembro  del  grupo  buckleyi. 
Los  renacuajos  del  grupo  tienen  cuerpos  ovalados,  con  aletas  de 

altura  moderada,  boca  anteroventral,  dos  filas  superiores  y  tres  Bias 
inferiores  de  denticulos.  Papilas  labiales  faltan  en  la  region  mediana 
del  labio  superior.  Los  renacuajos  son  similares  a  los  de  Agalychnis, 
Pachymedusa,  y  algunos  de  Phyllomedusa.  Los  huevos  sin  pigmento 
son  depositados  en  la  vegetation  (o  piedras)  encima  de  aguas 
lenticas. 

SPECIMENS  EXAMINED 

Phyllomedusa  buckleyi 

ECUADOR:  Napo:  South  Slope  Cordillera  del  Due.  Rio  Coca,  1150  m 

[00°02'S,  77°33'W],  KU  121445-9;  Rio  Azuela,  1740  m  [00°07'S,  77°37'W], 
KU  143226-36,  143234  (skeleton),  143550-1  (tadpoles),  143552  (eggs),  143553 
(tadpoles),  166217  (tadpoles),  164443;  Rio  Salado,  ±  1  km  upstream  from  Rio 
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Coca,  1410  m  [00°13'S,  77°44'W],  FMNH  204287,  KU  166218-9  (tadpoles), 
164444-8,  164449  (skeleton),  178848-50,179404-5  (cleared  and  stained);  4.7 
km  N  Santa  Rosa,  1870  m,  KU  143549  (tadpoles);  16.5  km  NNE  Santa  Rosa, 

1700  m,  KU  143225.  Pastaza:  Abitagua  (8  km  NW  Mera),  1300  m  [01°26'S, 
78°07'W],  UMMZ  92102. 

Phyllomedusa  lemur 

COSTA  RICA:  Alajuela:  Cariblanco,  830  m,  MCZ  7966;  Cinchona,  1600 

m,  FMNH  172156,  KU  35896-7,  63993-8,  68575  (tadpoles);  Isla  Ronita,  c. 
1500  m,  FMNH  101749,  174823;  La  Ralsa,  KU  140015;  4.8  km  S  Ciudad 

Quesada,  1000  m,  USC-CRE  8077.  Cartago:  Rridge  over  Rio  Grande  at 
Tapanti,  1201  m,  USC-CRE  2640;  El  Silencio  de  Sitio  Mata,  La  Suiza,  1200 
m,  USC-CRE  234;  9.9  km  NE  (by  road)  Rridge  over  Rio  Reventazon-Road 
from  Turrialba  to  Peralta,  Rio  Chitaria,  775  m,  USC-CRE  6141;  Moravia  de 
Chirripo,  1116  m,  KU  31720  and  31722  (skeletons);  Moravia  de  Turrialba, 

1116  m,  KU  31700-19  (31703,  31707,  31719,  cleared  and  stained),  31774; 
Tapanti,  1170-1300  m  USC-CRE  6295,  6309(6),  MCZ  75353,  UMMZ 
129202(5),  KU  63940-92  (63973,  cleared  and  stained),  68626-9  (cleared  and 
stained).  Limon:  Confluence  of  Rios  Lari  and  Pari  about  20.8  km  SW  Amubri, 

440  m,  USC-CRE  7178;  El  Tigre,  9-14  km  from  Siquirres  on  Petrolera  rJad 
to  Turrialba,  680  m,  KU  70026  (tadpoles),  USC-CRE  290-9(3),  290-5  (tad- 

poles), 290-9(2)  (tadpoles),  290-11  (tadpoles).  Puntarenas:  3.6  km  E 
Monteverde,  1550-1580  m,  USC-CRE  7206;  Vicinity  Monteverde,  Crest  of 
Sierra  de  Tilaran,  1600  m,  UMMZ  126616.  San  Jose:  Rajo  La  Hondura,  Trail 

to  Rio  Claro,  1150-1250  m,  USC-CRE  9802-4;  Confluence  of  Rio  Claro  and 
Rio  La  Hondura,  1128-1189  m,  USC-CRE  7048(9),  7048(2)  (tadpoles), 
8081;  1.4  km  S  Alto  La  Palma,  1500  m,  USC-CRE  7034(9),  7144(7);  1.1 
km  W  La  Hondura,  1128  m,  USC-CRE  7035(2);  La  Hondura,  1245  m,  MCZ 
75351-2;  Vicinity  La  Palma,  1500  m,  USC-CRE  490(2),  502(5),  510,  527(4), 
6208-11;  La  Palma,  c.  1450  m,  KU  63999-64013,  86506,  MCZ  7921-2,  UMMZ 
122666(2),  122667(3),  129201,  USNM  75066;  Rio  Claro  on  La  Palma-Carrillo 
road,  1188  m,  USC-CRE  6311. 

PANAMA:  Bocas  del  Tow:  Rio  Changena,  650  m  [09°00'N,  82°34'W]) 
KU  101813-6  (101815,  cleared  and  stained);  Rio  Changena,  830  m  [09°00'N, 
82°36'W],  KU  101817;  Rio  Changena,  35.2  km  W  Almirante,  650  m,  RYU 
19143-4;  Rio  Claro,  near  junction  with  Rio  Changena,  910  m  [09°00'N, 
82°37'W],  KU  101818-24  (101818  and  101823,  cleared  and  stained).  Chi- 
riqui:  Upper  Rio  Chiriqui,  Fortuna  Dam  Site,  1000  m  [08°40'N,  82°20'W], 
AMNH  94915-7,  94918  (cleared  and  stained).  Coctt:  El  Valle,  560  m 

[08°36'N,  80°08'W]  (literature  record;  Duellman,  1970).  Darien:  Cerro  Mali, 
1250  m,  USNM  151079;  Cerro  Mali,  1380  m  [08°07'N,  77°13"W],  AMNH 
90988-9;  South  Rase  of  Cerro  Tacarcuna,  Rio  Pucro,  640  m  [08°06'N, 
77°15'W],  AMNH  90990;  Panama:  Cerro  Campana,  800  m,  AMNH  84910-1 

(metamorphic  young);  Cerro  Campana,  850  m  [08°41'N,  79°56'W],  KU 
77496-8,  UMMZ  131091. 

Pliyllomedusa  mcdinai 

VENEZUELA:  Aragua:  Estacion  Biologica  Rancho  Grande,  1100  m 

[10'22'N,  67°42'W],  CAS-SU  20379  (paratype),  21827-8,  KU  167186-7, 
179107  (cleared  and  stained),  179406  (metamorphic  young),  MCZ  65965. 

Phyllomedusa  psilopygion 

COLOMBIA:  Cauca:  Quebrada  Guangui,  Rio  Pau'a,  in  Rio  Saija  drainage, 
C.   100  m,  AMNH  87873.    Valle:  8  km  W  Danubio,  Rio  Anchicaya,  300  m 
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[03°37'N,  76°47'W],  KU  169608-12,  169613   (cleared  and  stained),   170213 
(tadpoles),  170214  (eggs),  ICN  4755. 
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THREE  NEW  SPECIES  OF  CENTROLENID  FROGS 
FROM  THE  PACIFIC  VERSANT  OF  ECUADOR 

AND  COLOMBIA 

by 

William  

E.  Duellman1 Field  work  on  the  forested  Pacific  slopes  of  Ecuador  and  Co- 
lombia in  1975  resulted  in  large  collections  of  centrolenid  frogs, 

including  some  unnamed  species  of  Centrolenella.  The  perpetually 
humid  forested  slopes  of  the  Andes  between  1000  and  2000  m  are 
inhabited  by  many  species  of  Centrolenella.  Some  have  elevational 

distributions  of  nearly  1000  m;  others  are  restricted  to  narrow  ele- 
vational zones.  A  few  species  have  rather  broad  geographic  distri- 
butions, whereas  others  are  known  from  only  one  valley.  A  change 

of  a  few  hundred  meters  in  elevation  or  to  a  different  drainage  sys- 
tem results  in  a  different  centrolenid  fauna.  As  many  as  five  species 

of  Centrolenella  can  be  found  along  a  single  stream  on  one  night. 
Several  taxonomic  problems  still  exist  with  the  centrolenid  frogs 

on  the  Pacific  versant  of  Ecuador  and  Colombia,  but  herein  I  am 

concerned  only  with  three  highly  distinctive  species  in  the  Centro- 
lenella prosoblepon  group  as  defined  by  Starrett  and  Savage  (1973). 

My  own  collections  have  been  augmented  by  specimens  obtained 
by  subsequent  collectors.  In  the  following  descriptions,  the  format 
for  the  diagnoses  and  descriptions  is  the  same  as  that  used  by 
Lynch  and  Duellman  (1973). 

Centrolenella  balionota  new  species 
(Fig.l) 

Holotype.—KXJ  164702,  an  adult  male,  from  3.5  km  (by  road) 

1  Curator,  Division  of  Herpetology,  Museum  of  Natural  History,  and  Pro- 
fessor, Department  of  Systematics  and  Ecology,  The  University  of  Kansas, 

Lawrence,  Kansas  66045. 
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northeast  of  Mindo,  1540  m,  Provicia  de  Picliincha,  Ecuador  (00° 
01'S,  78°44'W),  one  of  a  series  collected  on  7  April  1975  by  Wil- 

liam E.  Ducllman,  Alan  H.  Savitzky,  and  John  E.  Simmons. 

Paratopotypes.— KU  164701,  164703-13,  7-8  April  1975,  same 
collectors. 

Referred  specimen. — KU  145084  from  La  Costa,  800  m,  De- 
partamento  Cauca,  Colombia. 

Diagnosis. — 1)  pre  vomerine  teeth  absent;  2)  bones  pale  green; 
3)  parietal  peritoneum  white;  visceral  peritoneum  clear;  4)  color  in 
life  pale  green  with  reddish  brown  stripes  and  flecks  and  elevated 
yellow  spots;  in  preservative,  cream  with  reddish  brown  markings 

and  white  spots;  5)  webbing  between  outer  fingers  III  2 — 2  IV;  6) 
webbing  on  foot  I  VA—2  II  VA—1  III  1&-3  IV  3—1^  V;  7)  snout 
truncate  in  dorsal  and  lateral  profiles;  8)  dorsal  skin  smooth;  9) 
arms  and  legs  lacking  dermal  folds;  10)  humeral  spine  present  in 

males;  11)  lower  four-fifths  of  tympanum  visible,  directed  postero- 
laterally  with  slight  dorsal  inclination. 

Color  pattern  alone  distinguishes  C.  balionota  from  all  other 
known  Centrolenella.  In  other  species  having  yellow  or  gold  spots, 
the  spots  are  either  small  (C.  flavopunctata,  midas,  siren),  ocelli  (C. 
anomala,  cochranae,  ocellata,  ocellifera),  or  in  combination  with 
dark  flecks  (C.  peristicta,  pipilata,  some  prosoblepon).  The  only 
other  species  having  red  markings  is  C.  grandisonae,  a  much  larger 
species  with  small  red  spots  and  granular  skin  on  the  dorsum. 

Description. — Adults  small;  snout-vent  length  20.5-22.5  mm 
(x  =  21.1,  n  =  13)  in  males;  females  not  known,  head  much  wider 

Fie:.  1.    Centrolenella  balionota,  KU  164702,   $,  21.2  mm  snout-vent  length. 
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than  body;  width  of  head  32.9-34.8  percent  (x  =  33.8,  n  =  13)  of 
snout-vent  length.  Snout  short,  high,  truncate  in  dorsal  and  lateral 
profiles;  canthus  round;  loreal  region  deeply  concave;  lips  flared; 

nostrils  about  five-sixths  distance  from  eye  to  tip  of  snout,  slightly 
protuberant  laterally;  internarial  area  slightly  depressed.  Eye  large, 
protuberant,  directed  anterolaterally.  Supratympanic  fold  covering 

upper  one- fifth  of  tympanum;  tympanic  annulus  distinct;  tympanum 
strongly  directed  posterolaterally,  inclined  dorsally.  Prevomerine 
teeth  and  dentigerous  processes  absent;  choanae  small,  triangular, 

widely  separated  medially;  tongue  ovoid,  barely  free  behind,  shal- 
lowly  notched  posteriorly;  vocal  slits  extending  from  posterolateral 
base  of  tongue  to  angles  of  jaws;  vocal  sac,  single,  median,  subgular. 

Humeral  spine,  short,  blunt,  tip  not  free  of  skin  on  upper  arm; 
ulnar  folds  and  tubercles  absent;  first  finger  slightly  longer  than 
second;  fourth  finger  noticeably  shorter  than  third;  lateral  fringes 
on  fingers;  webbing  rudimentary  between  first  and  second  fingers; 

webbing  formula  for  other  fingers  II  2—3  III  (2-28)— 2  IV;  web- 
bing emarginate;  discs  round;  subarticular  tubercles  small,  round, 

simple;  supernumerary  tubercles  small,  indistinct,  present  on  prox- 
imal segments  of  all  fingers;  palmar  tubercle  ovoid,  simple;  nuptial 

excrescences  absent.  Hind  limbs  moderately  slender;  length  of 

tibia  54.7-59.0  percent  (x  =  56.8,  n  =  13)  of  snout- vent  length; 
tarsal  folds  and  tubercles  absent;  inner  metatarsal  tubercle  small, 
flat,  elliptical;  outer  metatarsal  tubercle  small,  ovoid;  subarticular 
tubercles  small,  round;  supernumerary  tubercles  absent;  feet  about 

three-fourths  webbed;  webbing  formula  I  18— 2  II  18— (1-18)  III 
(18-2)— (28-3)  IV  (28-3)— 18  V;  discs  round,  slightly  smaller  than 
those  on  fingers. 

Skin  on  belly  and  proximal  ventral  surfaces  of  thighs  weakly 
granular;  skin  on  other  surfaces  smooth,  elevated  on  dorsum  at  sites 
of  white  spots.  Anal  opening  directed  posteriorly  at  upper  level  of 
thighs;  pair  of  small,  flat  tubercles  below  anus. 

Color  in  preservative:  dorsum  cream  with  reddish  brown  flecks 
on  head,  body,  forearms,  thighs,  shanks,  and  feet;  reddish  brown 
interorbital  marks  not  widely  separated  medially;  reddish  brown 
postorbital  stripe  extending  posteromedially  to  postscapular  area. 
Large,  elevated  white  spot  on  anteromedial  edge  of  each  eyelid; 
white  spots  on  dorsum  of  body  in  ten  specimens — six  with  one  spot, 
four  with  two  spots;  digits  and  ventral  surfaces  creamy  white. 

Color  in  life :  dorsum  pale  green  with  reddish  brown  stripes  and 
flecks;  tips  of  digits  dull  yellow;  elevated  dorsal  spots  bright  yellow; 

vocal  sac  bluish  green;  visceral  peritoneum  clear;  parietal  peri- 
toneum white;  heart  not  visible;  bones  pale  green;  iris  iridescent 

golden  copper. 

Distribution. — The  type  series  of  C.  balionota  is  from  a  small 
cascading  stream  at  an  elevation  of  1540  m  on  the  Pacific  slopes  of 
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the  Andes;  the  stream,  in  disturbed  lower  montane  rainforest,  is  a 
tributary  of  the  Rio  Mindo.  The  speeies  also  is  known  from  La 
Costa,  800  m,  Departamento  de  Cauca,  Colombia;  this  locality  is 

about  330  km  airline  north-northeast  of  the  type  locality. 
Remarks. — All  individuals  were  calling  from  the  upper  surfaces 

of  leaves  of  herbs  and  ferns  overhanging  a  trickling  stream;  none 

was  more  than  1  m  above  the  water.  Other  stream-breeding  frogs 
at  the  type  locality  include  Centrolenella  grandisonae,  C.  griffithsi, 

and  Hyla  alytolyhix.  The  call  is  a  single  "peep." 
Etymology. — The  specific  name  is  derived  from  the  Greek  balios 

meaning  dappled  or  spotted  and  the  Greek  notos  meaning  back;  it 
is  used  in  allusion  to  the  dorsal  reddish  brown  dappling  and  yellow 

spots. 

Centrolenella  heloderma  new  species 

(Fig.  2) 

Holotype. — KU  164715,  an  adult  male,  from  Quebrada  Zapa- 
dores,  5  km  east-southeast  of  Chiriboga,  2010  m,  Provincia  de 

Pichincha,  Ecuador  (00°17'S,  78°47'W),  obtained  on  4  April  1975 
by  William  E.  Duellman. 

Paratopotypes.—KU  164714,  3  April  1979,  William  E.  Duellman; 
MCZ  97835,  15  March  1979,  Kenneth  Miyata;  USNM  211219-21, 
15  March  1979,  Roy  W.  McDiarmid. 

Referred  specimens. — All  Provincia  de  Pichincha,  Ecuador:  14 
km  W  Chiriboga,  1960  m,  KU  164716-21;  13.1  km  NW  Nono,  2140 
in,  MCZ  97834,  USNM  211216-17;  8.6  km  SE  Tandayapa,  2000  m, 
USNM  211218;  9  km  SE  Tandayapa,  2150  m,  KU  167422-24. 

Diagnosis. — 1)  prevomerine  teeth  absent;  2)  bones  green;  3) 
parietal  peritoneum  white;  visceral  peritoneum  clear;  4)  color  in 
life  dark  green  with  bluish  white  tubercles;  in  preservative  laven- 

der; 5)  webbing  between  outer  fingers  III  2/2 — 2  IV;  6)  webbing 
on  foot  I  1—2  II  1—2  III  1—2  IV  2—1  V;  7)  snout  rounded  in 
dorsal  view,  in  profile  depressed  and  sloping  anterior  to  nares;  8) 
dorsal  skin  tubercular;  9)  forearms  and  feet  bearing  narrow,  scal- 

loped dermal  folds;  10)  humeral  spine  present  in  males;  11)  entire 
tympanum  visible,  directed  laterally  with  slight  posterodorsal  in- 
clination. 

The  tubercular  dorsal  skin  immediately  distinguishes  C.  helo- 
derma from  other  known  speeies  of  Centrolenella,  which  have  either 

smooth,  shagreened,  or  spiculate  skin  dorsally.  Centrolenella  helo- 
derma mostly  closely  resembles  C.  hticklcyi,  which  differs  by  hav- 

ing fine  spinnles  in  (he  dorsal  skin,  less  webbing  on  the  hand  and 
toot,  no  dermal  Folds  on  limbs,  and  only  the  lower  part  of  the 
tympanum  visible,  both  species  have  humeral  spines  in  males,  the 
snout  inclined  anteriorly,  and  a  narrow  white  or  cream  labial  stripe. 

Description. — Adults  moderately  large;  snout-vent  length  26.8- 
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Fig.  2.  Centrolenella  heloderma,  KU  164715,  $ ,  29.0  mm  snout-vent  length. 

31.5  mm  (x  =  29.0,  n  =  17)  in  males,  32.3  mm  in  single  female; 

head  slightly  wider  than  body;  width  of  head  33.2-36.8  percent 
(x  =  34.1,  n  =  18)  of  snout- vent  length.  Snout  moderately  long, 
depressed,  inclined  anteriorly  from  nostrils  to  margin  of  lip,  rounded 
in  dorsal  view;  canthus  round;  loreal  region  barely  concave;  lips 
flared;  nostrils  about  three-fifths  distance  from  eye  to  tip  of  snout, 
barely  protuberant  laterally;  intemarial  area  slightly  depressed. 

Eye  moderately  small,  directed  more  laterally  than  anteriorly.  Tym- 
panic annulus  interrupted  by  tubercles  dorsally,  otherwise  distinct; 

tympanum  directed  laterally  with  slight  posterodorsal  inclination. 
Prevomerine  teeth  and  dentigerous  processes  absent;  choanae  small, 
round,  widely  separated  medially;  tongue  broadly  cordiform,  deeply 
notched  posteriorly,  free  behind  for  about  half  of  its  length;  vocal 
slits  extending  from  midlateral  base  of  tongue  to  angles  of  jaws; 
vocal  sac  single,  median,  subgular,  large,  when  inflated  extending 
laterally  well  beyond  sides  of  head. 

Humeral  spine  long,  blunt,  projecting  anteriorly  at  angle  of 

about  45°  from  humerus;  forearm  robust;  low,  scalloped  dermal 
fold  ventrolaterally  on  forearm;  first  and  second  fingers  subequal  in 
length;  fourth  finger  longer  than  second;  lateral  fringes  on  fingers; 
webbing  rudimentary  between  first  and  second  fingers;  webbing 

formula  for  other  fingers  II  2— 3)£  III  (2-2M)  — (VA-2)  IV;  webbing 
emarginate;  discs  truncate;  subarticular  tubercles  small,  round,  sim- 

ple; supernumerary  tubercles  absent;  palmar  tubercle  low,  indis- 
tinct; nuptial  excrescences  absent.  Hind  limbs  moderately  robust; 

length  of  tibia  53.0-58.2  percent  (x  —  55.4,  n  =  18)  of  snout- vent 
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Length;  row  of  tubercles  on  outer  edge  of  tarsus;  inner  metatarsal 
fold  absent;  inner  metatarsal  tubercle  low,  elongate;  outer  meta- 

tarsal tubercle  small,  conical;  subarticular  tubercles  small,  round; 

supernumerary  tubercles  absent;  feet  about  four-fifths  webbed; 
webbing  formula  I  1—2  II  1—2  III  1—2  IV  2—  (l-VA)  V;  discs 
truncate,  nearly  as  large  as  those  on  fingers. 

Skin  on  dorsum  bearing  large,  round  tubercles;  skin  on  flanks, 

belly,  and  proximal  posteroventral  surfaces  of  thighs  coarsely  gran- 
ular; skin  on  other  surfaces  smooth.  Anal  opening  directed  pos- 

teriorly at  upper  level  of  thighs;  pair  of  large  round  tubercles  and 
many  small  tubercles  below  anal  opening. 

Color  in  preservative:  dorsal  surfaces  of  head,  body,  forearms, 
thighs,  and  shanks  dull  lavender;  other  surfaces  dull  cream;  ventral 
and  lateral  coloration  meeting  along  a  distinct  line  on  upper  flanks; 
anal  tubercles  and  margin  of  upper  lip  white. 

Color  in  life:  dorsum  dark  green  with  bluish  white  tuberclps; 
margin  of  lip  yellow;  parietal  peritoneum  and  throat  pale  golden 
yellow;  anal,  heel,  and  ulnar  tubercles  white;  heart  not  visible; 
bones  green;  iris  pale  bronze  with  fine  black  reticulations. 

Distribution. — Centrolenella  heloderma  is  known  from  several 

localities  near  the  upper  limits  of  cloud  forest  (1960-2150  m)  on  the 
Pacific  slopes  of  the  Cordillera  Occidental  in  Provincia  de  Pichincha, 
Ecuador. 

Remarks. — Males  were  calling  from  upper  surfaces  of  leaves 
and  ferns  1-4  m  above  streams  and  on  cliff  faces  below  seepages. 

The  call  is  a  harsh  "peep." 
A  juvenile  (KU  164714)  having  a  snout- vent  length  of  20.9  mm 

has  the  dorsal  tubercles  as  well  developed  as  in  the  adults.  A  single 
female  (MCZ  97835)  having  a  snout- vent  length  of  32.3  mm  is  like 
the  males  in  structure  and  coloration. 

At  all  localities  where  C.  heloderma  was  found,  C.  griffithsi 
occurred  in  much  greater  abundance.  At  higher  elevations  (  >2300 
m)  on  the  Pacific  slopes,  in  subparamo  and  paramo,  C.  liclodcrma 

seemingly  is  replaced  by  the  widespread  Andean  species,  C.  huck,- 
leyi. 

The  type  locality,  Quebrada  Zapadores,  Is  a  tributary  of  the  Rio 
Saloya  and  is  crossed  by  a  bridge  at  Kilometer  Post  45  on  the  road 
from  Chillogallo  to  Santo  Domingo  de  los  Colorados  via  Chiriboga. 
Although  the  \  alley  of  the  Rio  Saloya  is  mostly  pasture,  cloud  for- 

est exists  in  the  naiiow  Quebrada  Zapadores  containing  a  stream 
2-4  m  wide. 

Centrolenella  prasina  new  species 

llololype.—KV  169693,  an  adult  male,  from  Rio  Calima,  1.5  km 
(by  road)  west  ol   LagO  Calima,   1230  in,  Departamento  de  Valle, 
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Colombia  (4°00'N,  76°35'W),  obtained  on  1  June  1975  by  William 
E.  Duellman. 

Paratopotypes.—KXJ  169691-92,  14  September  1974,  William  E. 
Duellman  and  Linda  Trueb. 

Diagnosis. — 1)  prevomerine  teeth  5-7;  2)  bones  pale  green;  3) 
parietal  peritoneum  white;  visceral  peritoneum  clear;  4)  color  in 
life  uniform  bright  green;  in  preservative,  uniform  lavender;  5) 

webbing  between  outer  fingers  II  2/2 — 3%  III  21 — 2  IV;  6)  webbing 
on  foot  I  VA—2  II  1—2  III  1— 2K  IV  2K— M  V;  7)  snout  round  in 
dorsal  view,  truncate  in  profile;  8)  dorsal  skin  smooth;  9)  arms  and 
legs  lacking  dermal  folds;  10)  humeral  spines  absent  in  males;  11) 
tympanum  concealed. 

The  combination  of  large  size  (34.5  mm),  smooth  dorsal  skin, 

uniform  green  dorsum,  and  absence  of  humeral  spines  in  males  dis- 
tinguishes C.  prasina  from  all  other  known  Centrolenella.  The  size 

is  approached  by  C.  megacheira  (32.8  mm),  which  has  small  black 
spots  on  the  dorsum  and  pustular  skin.  Other  uniform  green  Cen- 

trolenella in  western  South  America  have  humeral  spines  in  males 
(C.  buckleyi,  C.  heloderma,  some  C.  prosoblepon)  or  have  spiculate 
dorsal  skin  (C.  spiculata). 

Description. — Adults  large;  snout-vent  length  33.0-34.5  mm  (x 

—  33.7,  n  =  3)  in  males;  females  unknown;  head  wider  than  body; 
width  of  head  31.6-31.8  percent  (x  =  31.7,  n  =  3)  of  snout-vent 

Fig.  3.   Centrolenella  prasina,  KU  169693,  $ ,  33.6  mm  snout-vent  length. 
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length.  Snout  short,  high,  round  in  dorsal  view,  truncate  in  profile; 

canthus  rounded;  loreal  region  shallowly  concave;  lips  flared;  nos- 
trils about  four-fifths  distance  from  eye  to  tip  of  snout,  distinctly 

protuberant  laterally;  internarial  region  depressed.  Eye  large,  pro- 
tuberant, directed  anterolaterally;  tympanum  concealed  (lowermost 

edge  of  tympanic  annulus  evident  in  one  specimen).  Prevomerine 
teeth  5-6— 7-7  (total  teeth  11-14,  x  =  12.5,  n  =  2;  one  specimen 
lacking  dentigerous  processes  and  prevomerine  teeth);  dentigerous 

processes  transverse  between  large,  ovoid  choanae,  narrowly  sepa- 
rated medially;  tongue  broadly  cordiform,  narrowly  notched  behind, 

barely  free  posteriorly;  vocal  slits  extending  from  midlateral  base  of 
tongue  to  angles  of  jaws;  vocal  sac  single,  median,  subgular. 

Humeral  spine  absent;  forearm  slender;  ulnar  folds  and  tuber- 
cles absent;  first  finger  slightly  longer  than  second;  fourth  finger 

much  longer  than  second;  lateral  fringes  on  fingers;  webbing  absent 

between  first  two  fingers;  webbing  formula  for  other  fingers  II  (2*4— 
2%) — 3/2  III  2/i — ( 2-2K )  IV;  webbing  emarginate;  discs  truncate; 
subarticular  tubercles  small,  round  simple;  supernumerary  tuber- 

cles in  single  row  on  proximal  segments  of  each  digit;  palmar  tuber- 
cle low,  bifid;  nuptial  excresences  absent.  Hind  limbs  slender; 

length  of  tibia  58.0-60.0  percent  (x  =  59.6,  n  =  3)  of  snout- vent 
length;  tarsal  folds  and  tubercles  absent;  inner  metatarsal  tubercle 
elongate,  elliptical;  outer  metatarsal  tubercle  absent;  toes  about 

two-thirds  webbed;  webbing  formula  I  VA— 2  II  1—2  III  l-VA)—2% 
IV  2/2 — 1/2  V;  discs  round,  noticeably  smaller  than  those  on  fingers. 

Skin  on  dorsum  and  most  ventral  surfaces  of  limbs  smooth;  skin 

on  belly  and  proximal  ventral  surfaces  of  thighs  coarsely  granular, 
on  flanks  and  in  tympanic  region  weakly  granular.  Anal  opening 
directed  posteriorly  at  upper  level  of  thighs,  devoid  of  tubercles 
and  folds. 

Color  in  preservative:  dorsal  surfaces  of  head,  body,  and  limbs 
deep  lavender;  other  surfaces  cream. 

Color  in  life:  dorsum  uniform  dark  green;  margin  of  upper  lip 
pair  green  to  greenish  white;  flanks  cream;  hands,  feet,  and  thighs 
yellowish  green;  throat  pale  green;  pericardium  white;  heart  not 
Visible;  bones  green;  iris  greenish  white  with  black  reticulations. 

Distribution. — This  large  species  is  known  only  from  the  type 
locality. 

Remarks. — All  individuals  were  calling  at  night  from  the  upper 
surfaces  of  leaves  1.5-2  m  above  a  small  (±2  m  wide)  stream  in 
cloud  forest,  about  100-200  m  upstream  from  its  confluence  with 
the  Rio  Calima.  LagO  Calima  is  just  north  of  the  Buga-Buena- 
ventura  Highway,  a  road  descends  From  the  highway  to  the  dam  on 

lli'-  Rio  Calima.  The  type  locality  is  reached  by  going  westward 
for  1.5  km  on  a  narrow  road  that  descends  from  the  south  edge  of 
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the  dam.   The  tributary  is  north  (across  the  Rio  Calima)  from  the 
road. 

Etymology. — The  specific  name  is  Latin,  meaning  leek  green. 
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RESUMEN 

Tres  especies  nuevas  del  grupo  prosoblepon  del  genero  Centro- 
lenella  se  nombran  de  las  laderas  pacificas  del  Ecuador  y  Colombia. 
Centrolenella  balionota  es  una  especie  pequena  con  manchas  rojas 
y  puntas  amarillas  en  el  dorso;  se  conocido  de  una  quebrada  a  una 
elevacion  de  1540  m  en  Ecuador  y  de  una  elevacion  de  800  m  en  el 
Departamento  de  Cauca,  Colombia.  Centrolenella  heloderma, 

conocido  de  elevaciones  de  1960-2150  m  en  Ecuador,  tiene  piel  tu- 
berculado  en  el  dorso.  Centrolenella  prasina  es  una  especie  grande 
conocido  solamente  del  Rio  Calima  (1230  m)  en  el  Departamento 
de  Valle,  Colombia. 
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REDESCRIPTION  OF  ETHEOSTOMA  AUSTRALE 
AND  A  KEY  FOR  THE  IDENTIFICATION  OF 

MEXICAN  ETHEOSTOMA  (PERCIDAE) 

By 

Lawrence  

M.  Page1 
Since  the  original  description  of  the  Conchos  darter  in  1859  as 

Diplesion  fasciatus  Girard  and  redescription  in  18S9  as  Etheostoma 
australe  Jordan  (fasciatus  is  preoccupied  in  Etheostoma — Collette 
and  Knapp,  1966),  little  additional  information  on  the  species  has 
been  published.  Jordan  and  Evermann  (1896)  and  Meek  (1904) 
expanded  somewhat  the  earlier  description  by  Jordan  (1889).  Bailey 
and  Gosline  (1955)  provided  vertebral  counts.  Collette  (1965) 
noted  an  absence  of  breeding  tubercles  on  specimens  available  for 
examination.  Moore  (1968)  and  Alvarez  (1950,  1970)  included  E. 
australe  in  identification  keys.  Page  ( 1977 )  discussed  characteristics 
of  the  lateralis  system. 

On  24  February  1979,  Mr.  Craig  W.  Ronto  and  I  collected  a  se- 
ries of  26  E.  australe  (INHS  84082)  in  Rio  Santa  Isabel  at  General 

Trias,  Chihuahua.  Males  were  in  bright  breeding  colors  and  tuber- 
culate,  females  were  ripe,  and  spawning  was  in  progress  or  about  to 
ensue.  Much  of  the  following  description,  including  the  first  accu- 

rate information  on  color,  is  based  on  this  series  of  specimens. 

Etheostoma  australe  Jordan 
Conchos  Darter 

Material  examined. — Rivers  are  listed  in  a  north-south  arrange- 
ment. Acronyms  are  identified  in  ACKNOWLEDGMENTS.  Num- 

bers in  parentheses  are  numbers  of  specimens  on  which  counts  were 

1  Taxonomist,  Illinois  Natural  History  Survey,  Urbana,  Illinois  61801,  U.S.A. 
and  Associate  in  Ichthyology,  Museum  of  Natural  History,  The  University  of 
Kansas,  Lawrence,  Kansas  66045,  U.S.A. 
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made.  Complete  collection  locality  data  are  available  from  the 
author.  Rio  Santa  Isabel:  UMMZ  182378  (10),  1NHS  84082  (10); 
Rio  San  Pedro:  UMMZ  136124  (5),  UMMZ  203013  (15);  Rio 
Parral:  TNHC  4033  (10),  FMNH  3538;  Rio  Florido:  KU  8407 
(20),  FMNH  3554  (4),  FMNH  3527  (6). 

Diagnosis. — Member  of  genus  Etheostoma.  One  large  and  stiff 
anal  spine,  premaxillary  frenum  present,  incomplete  lateral  line 

(with  23-50  pored  scales),  nape  and  breast  unsealed  (or  nape  with 
few  scales  posteriorly). 

Other  species  of  Etheostoma  with  one  anal  spine  ( or  one  or  two 
anal  spines  in  about  equal  frequencies)  are  without  a  premaxillary 
frenum  (E.  nigrum,  E.  olmstedi,  E.  vitreum,  E.  chlorosomum),  have 
a  complete  lateral  line  (E.  trisella),  a  fully  scaled  nape  and  breast 

(E.  tuscumbia),  or  fewer  than  10  pored  lateral-line  scales  (E. 
proeliare,  E.  fonticola,  E.  microperca). 

Description. — Nape  typically  unsealed  but  sometimes  with  few 
scales  posteriorly;  opercle,  cheek,  breast,  and  prepectoral  area  un- 

sealed; belly  fully  scaled  or  unsealed  anteriorly.  Infraorbital  canal 
usually  narrowly  interrupted  with  four  to  six  (usually  five)  pores  in 
anterior  segment  and  two  to  five  (usually  three  or  four)  pores  in 
posterior  segment;  sometimes  uninterrupted.  Supratemporal  canal 
interrupted  or  uninterrupted,  usually  interrupted  with  two  pores  in 

each  segment.   Preoperculomandibular  canal  with  10-12  pores. 
Meristic  counts  were  made  as  described  by  Hubbs  and  Lagler 

(1964).  Lateral  (lateral  line)  scales  51-71  (modally  55-65)  (Table 
1),  20-53  (35-45)  pored  (Table  2;)  scales  above  lateral  line  5-8; 
scales  below  lateral  line  7-10;  transverse  (anal  fin  origin  to  first 
dorsal  fin)  scales  13-20  (Table  3);  scales  around  caudal  peduncle 
24-32  (Table  3);  dorsal  spines  10-14  (11-12)  (Table  4);  dorsal  rays 
9-12  (10-11)  (Table  4);  pectoral  rays  10-12  (11)  (Table  5);  anal 
spine  1;  anal  rays  6-9  (7)  (Table  5). 

Breeding  male  red-brown  with  8-11  wide,  dark  green  vertical 
bars  evenly  spaced  along  side  of  body  (Fig.  1).  On  some  males, 
interspaces  between  bars  red-brown;  on  others,  yellow  with  large 
red  blotches.  Green  vertical  bars  on  side  fuse  into  dark  green  sad- 

dles along  mid-dorsnni.  Cheek,  branchiostegal  membranes,  breast, 
and  belly  green.  First  dorsal  fin  red  with  narrow  dark  blue  margin 
and  blue  base.  Second  dorsal,  caudal,  and  pectoral  fins  yellow,  with 
tinges  of  red  on  membranes.  Anal  and  pelvic  fins  green  basally  and 

yellow  distally.  Two  vertically  aligned  red-brown  spots  at  base  of 
caudal  fin.  Prominent,  large,  black  suborbital  bar  and  black  post- 
orbital  spot  present.    Preorbital  bar  black  but  diffuse. 

Female  is  green  dorsal  ly  and  yellow  ventrally.  Green  vertical 
bars  on  side  of  body  less  prominent  than  on  males  and  blend  into 
green  dorsum.  First  dorsal  fin  yellow  with  narrow  blue  marginal 
band,  narrow  red  medial  band,  and  bine  base.    Other  fins  yellow; 
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REDESCRIPTION  OF  ETHEOSTOMA  AUSTRALE 

Fig.   1 — Etheostoma  australe  from  Rio  Santa  Isabel,  General  Trias,  Chi- 
huahua, 24  Feb.  1979.    Upper,  42-mm  male.    Lower,  41-mm  female. 

second  dorsal  and  caudal  fins  with  vague  bands  of  small  black  spots. 
Three  vertically  aligned  black  spots  at  base  of  caudal  fin. 

Breeding  males  (1NHS  84082)  with  tubercles  along  entire  length 
of  rays  and  sometimes  spines  of  anal  and  pelvic  fins;  and  on  scales 
of  belly,  along  base  of  anal  fin,  and  lower  caudal  peduncle.  Less 
often  tubercles  on  middle  rays  of  pectoral  fins  and  lower  rays  of 
caudal  fin.  One  of  five  females  captured  on  24  February  1979  with 
tubercles  on  anal  rays. 

Largest  specimen  examined  is  a  female  50.5  mm  in  standard 
length;  largest  male  is  49.7  mm  (both  INHS  84082). 

Available  specimens  are  too  few  (and  many  are  old  and  poorly 
preserved)  for  a  thorough  analysis  of  geographic  variation  in  E. 
australe.  Among  specimens  examined,  scale  counts  and  counts  of 
dorsal  spines  and  rays  were  highest  in  specimens  from  Rio  San 
Pedro  and  its  tributary,  Rio  Santa  Isabel,  intermediate  in  those  from 
Rio  Florido,  and  lowest  in  those  from  Rio  Parral  (Tables  1-4).  This 
variation  does  not  correspond  to  north-south  or  east-west  arrange- 

ments of  the  data.  Scale  counts  in  Campostoma  ornatum  from  Rio 
Santa  Isabel  also  were  the  highest  of  any  population  examined 
(Burr  1976).  Presumably  information  not  now  available  on  the 
drainage  history  of  Rio  Conchos  would  explain  geographic  variation 
in  its  fishes  but  any  further  analysis  of  variation  in  E.  australe  must 
await  the  accumulation  of  more  museum  specimens. 
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Distribution  and  Habitat. — Ethcostoma  australe  is  restricted  to 

Rio  Conchos,  a  major  tributary  of  Rio  Grande,  in  Chihuahua  and 

Durango  (Fig.  2).  On  24  February  1979,  E.  australe  was  captured 
in  a  fast  rubble  riffle.  Males  were  much  more  common  (21  of  26 

individuals  captured)  and  may  have  established  breeding  stations 

in  the  riffles.  Seining  in  pools  above  and  below  the  riffles  failed  to 

yield  any  E.  australe.  Contreras-Balderas  (1977)  described  E. 
australe  as  a  benthic  insectivore  that  is  rare  overall  but  common 

locally  and  lives  on  sand  or  gravel  in  shallow,  fast,  cool  streams. 

Late  May  and  June  was  given  as  the  spawning  period  by  Meek 

(1904).  Specimens  collected  in  1979  indicate  spawning  may  begin 
as  earlv  as  late  Februarv. 

RELATIONSHIPS  AND  OTHER  MEXICAN  DARTERS 

The  presence  of  only  one  spine  in  the  anal  fin  persuaded  Jordan 

and  Evermann   (1896)   to  erect  a  subgenus  (Torrentaria)  for  £. 

Fig.  2. — Distribution  of  localities  from  which  Ethcostoma  australe  has  been 
collected. 
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australe  and  E.  sagitta  (the  latter  was  erroneously  thought  to  have 
only  one  spine ) .  Jordan,  E vermann  and  Clark  ( 1930 )  treated  Tor- 
rentaria  as  a  genus.  Hubbs  (1936)  noted  that  Torrentaria  was  pre- 

occupied in  Aves  and  proposed  Austroperca  as  a  substitute  sub- 
generic  name,  and  in  doing  so  restricted  Austroperca  to  include 
only  E.  australe.  Bailey  &  Gosline  (1955),  in  their  list  of  darter 
subgenera,  also  considered  Austroperca  to  be  a  monotypic  subgenus 
of  Etheostoma. 

The  presence  of  one  and  not  two  anal  spines  is  unusual  among 
darters;  only  nine  of  128  described  species  have  one  spine  (or  one 
or  two  in  about  equal  frequencies).  However,  in  the  subgenera 
Boleosoma  and  Vaillantia  some  species  have  one  and  others  have 
two  anal  spines,  and  in  E.  vitreum,  E.  proeliare,  and  E.  microperca 
some  individuals  have  one  and  some  have  two  anal  spines.  Because 
of  this  plasticity,  the  presence  of  one  anal  spine  seems  inadequate 
to  warrant  subgeneric  status  for  Austroperca.  Consideration  of  many 
characteristics  among  all  darters  indicates  that  E.  australe  is  most 
closely  related  to  species  in  the  subgenus  Oligocephalus  and  easily 
can  be  placed  in  that  subgenus  ( Page,  in  press ) . 

The  only  other  described  species  of  Etheostoma  in  Mexico  are 
E.  grahami,  also  endemic  to  the  Rio  Grande  system  but  known  only 
from  tributaries  downstream  from  Rio  Conchos,  and  E.  pottsi, 
which  occurs  in  Rio  Conchos  (rarely  syntopically  with  E.  australe), 

Rio  Nazas,  Rio  Trujillo  (upper  part  of  Rio  Aguanaval — see  Conant, 
1963:  Fig.  1),  and  Rio  Mezquital;  the  last  drains  into  the  Pacific 
Ocean.  Percina  macrolepida,  the  only  other  darter  in  Mexico,  is 
known  in  Mexico  only  from  Rio  San  Carlos,  Coahuila  (Stevenson, 
1971). 

The  following  key  is  to  the  three  described  species  of  Etheo- 
stoma in  Mexico  and  to  E.  lepidum,  a  species  endemic  to  Texas  and 

New  Mexico  and  often  confused  with  E.  grahami.  Although  several 
references  have  been  made  to  undescribed  species  of  Etheostoma 
in  Mexico  (Minckley,  1969,  1977;  Deacon,  et  al,  1979)  no  data 
have  been  presented  on  them  and  their  validity  remains  to  be 
demonstrated. 

1.  One   anal   spine;   branchiostegal  membranes   rather  broadly 
connected  across  isthmus;  broad  vertical  dark  bars  on  side  of 
body          -  E.  australe 

Two  anal  spines;  branchiostegal  membranes  separate  or  nar- 
rowly connected  across  isthmus;  side  of  body  without  broad 

vertical  bars          .._      2 

2.  Usually  48  or  more  lateral  scales;  21  or  more  scales  around  cau- 
dal peduncle;  first  dorsal  fin  with  blue-green  marginal  band 

and  red  medial  band  (most  distinct  in  the  male)  ....   E.  lepidum 

Usually  40-50  lateral  scales;  usually  17-20  scales  around  cau- 
dal peduncle;  first  dorsal  fin  without  distinct  bands   (dusky 
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red)        -   -   -      3 

3.    Opercle  fully  or  mostly  scaled;  branchiostegal  membranes  nar- 
rowly joined  across  isthmus;   usually  9  or   10  dorsal  spines 
     E.  grahami 
Opercle   unsealed;    branchiostegal   membranes   separate,   not 

joined  across  isthmus;  usually  10-12  dorsal  spines    E.  pottsi 

ACKNOWLEDGMENTS 

I  wish  to  thank  R.  R.  Miller.  University  of  Michigan  Museum 
of  Zoologv  (UMMZ),  for  various  information  on  Mexican  darters, 
P.  W.  Smith,  Illinois  Natural  History  Survey  (INHS),  and  B.  M. 

Burr,  Southern  Illinois  University-  at  Carbondale,  for  suggestions  on 
improving  the  study  and  manuscript,  and  the  following  individuals 
and  their  institutions  for  loans  of  specimens:  F.  B.  Cross  and  J.  T. 
Collins.  The  University  of  Kansas  Museum  of  Natural  History  (KU); 
R.  K.  Johnson  and  B.  J.  Peyton,  Field  Museum  of  Natural  History 
(F.MNH);  R.  F.  Martin.  University  of  Texas  at  Austin  Memorial 
Museum  (TNHC);  and  R.  R.  Miller  and  E.  B.  Koon,  University  of 

Michigan  Museum  of  Zoology.  Mexico's  Department  of  Fishes 
graciously  permitted  me  to  collect  in  Mexico. 

SUMMARY 

Etheostoma  (Oligocephahis)  australe,  redescribed  herein,  is  un- 
usual but  not  unique  among  darters  in  having  only  one  anal  spine 

and  is  not  considered  sufficiently  divergent  to  warrant  placement  in 
a  monotypic  subgenus  (Austroperca).  E.  australe  is  endemic  to  the 
Rio  Conchos  system  in  Chihuahua  and  Durango  and  apparently 
spawns  as  early  as  late  February  in  nibble  riffles.  A  key  is  pre- 

sented for  the  identification  of  the  three  described  species  of  Etheo- 
stoma in  Mexico  and  for  E.  lepidum,  a  form  endemic  to  Texas  and 

New  Mexico  and  often  confused  with  E»  grahami. 

RESUMEN 

Se  redescribe  Etheostoma  (Oligocephalus)  australe,  especie  pe- 
culiar, aunque  no  unica  en  su  genero,  por  tener  solamente  una 

•  ■spina  anal;   no   sc  eonsideia   lo  snficienteinente  distinta  para  colo- 
carla  en  un  subgenera  monotfpico,  Austroperca.  E.  australe  se  en- 
cuentra  solo  en  el  sistema  del  Rio  Conchos  de  Chihuahua  y  Du- 
rango,  Mexico.  Aparentemente  desova  a  finales  de  Febrero  en 
aguas  rapidas  de  fondo  pedregoso.  Se  presenta  una  clave  para  la 

identificaci6n  <le  las  tres  especies  de  Etheostoma  descritas  de  Mex- 
ico >  de  /..  lepidum,  (specie  endemica  de  Texas  v  Nuevo  Mexico,  la 

CUal  COn  heeiieneia  se  eonlnnde  eon  E.  grahami. 
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(PERCIDAE,  ETHEOSTOMATINI) 

By 
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M.  Page1 
Since  1955  the  generic  and  subgeneric  classification  of  darters 

has  been  largely  the  concept  of  Reeve  M.  Bailey  (Bailey,  1951; 
Bailey,  Winn  and  Smith,  1954;  Bailey  and  Gosline,  1955 ) .  As  future 
studies  and  data  will  alter  the  classification  presented  herein,  so  are 

changes  in  Bailey's  classification  offered  on  the  following  pages.  All 
proposed  changes  are  subgeneric;  the  greater  stability  in  nomen- 

clature inherent  in  more  inclusive  genera  argues  for  the  continued 

use  of  Bailey's  three-genus  classification  of  darters  rather  than  ele- 
vating some  or  all  subgenera  to  generic  status.  More  important 

contributions  than  the  proposed  changes  are  the  morphological 
diagnoses  of  genera  and  subgenera  incorporating  characteristics  ex- 

amined critically,  either  in  the  literature  or  during  this  study,  on 
each  species  of  darter  treated  herein. 
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METHODS 

Phenetic  and  phylogenetic  (cladistic)  methods  were  employed 
in  the  following  study  on  142  species  of  darters  ( Appendix  A)  using 

52  morphological  characters  (Appendix  B).  "The  fundamental  dis- 
tinction between  phenetic  and  phylogenetic  methods  is  that  the 

former  group  according  to  overall  similarity  while  the  latter  unite 

taxa  only  on  the  basis  of  synapomorphy"  (Mickevich,  1978). 
Phenetic  Method. — Phenetic  similarities  of  142  species  of  darters 

or  some  subset  thereof  were  examined  using  CLUSTER,  written  by 
Dr.  Richard  B.  Selander.  University  of  Illinois.  Phenograms  were 
produced  using  three  procedures:  (1)  data  were  standardized 

(mean  —  0,  standard  deviation  =  1 ) ,  Pearson  product-moment  cor- 
relation coefficients  were  calculated  as  measures  of  similarity  be- 

tween OTU's  (species),  and  OTU's  were  clustered  using  the 
UPGMA  (unweighted  pair-group  method  using  arithmetic  aver- 

ages) (Sneath  and  Sokal,  1973);  (2)  data  were  transformed  by 

ranging  from  0  to  1,  average  taxonomic  distances  between  OTU's 
were  calculated,  and  OTU's  were  clustered  using  the  UPGMA;  (3) 
data  were  ranged,  mean  character  differences  between  OTU's  were 
calculated,  and  OTU's  were  clustered  using  UPGMA. 

Cladistic  Method. — Unrooted  WAGNER  networks  (Kluge  and 

Farris,  1969;  Farris,  1970)  were  constructed  using  the  "rootless" 
algorithm  of  Farris  (1970).  Cladograms  were  produced  by  rooting 
the  networks  (Farris,  1972)  at  the  midpoint  of  the  longest  patristic 

distance  separating  any  pair  of  OTU's  or  by  the  inclusion  of  Perca 
fkivescens  as  an  outgroup.  The  most  parsimonious  (shortest)  clado- 

grams are  ones  based  on  synapomorphies  (Farris,  Kluge  and 
Eckardt,  1970). 

Cophenetic  correlation  coefficients,  which  reflect  the  ability  of  a 
phenogram  (or  cladogram)  to  describe  the  distance  matrix  (Sneath 
and  Sokal,  1973),  are  given  in  the  figure  legends. 

Characters. — Characters  selected  for  numerical  analysis  were 
those  which  varied  among  species  but  which  were  relatively  con- 

stant within  species.  Characters  exhibiting  a  large  amount  of  intra- 
speeifie  variation  in  at  least  some  species  (e.g.  cheek  and  opercle 
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squamation)  and  characters  difficult  to  express  numerically  even 

when  coded  (e.g.  body  and  fin  colors)  were  not  used.  For  morpho- 
metric  data  (meristic  counts  and  body  proportions)  mean  (or  if  so 
indicated  in  Appendix  B,  modal)  values  for  each  species  were  used 
as  character  states  (Appendix  C).  For  qualitative  characters  the 
various  states  were  grouped  into  classes  and  assigned  numerical 
values  (coded). 

Pectoral,  pelvic  and  caudal  fin  lengths  were  lengths  of  the  long- 
est rays.  Second  dorsal  and  anal  fin  lengths  were  from  the  anterior 

point  of  origin  of  the  fin  to  the  posterior  tip  of  the  depressed  fin.  The 
distance  from  the  origin  of  the  second  dorsal  fin  to  the  center  of  the 
base  of  the  caudal  fin  (QL)  was  used  as  a  basis  for  comparing 
second  dorsal  fin  lengths.  Interpelvic  fin  width  was  the  distance 
between  pelvic  fin  bases.  Other  counts  and  measurements  were 
made  following  Hubbs  and  Lagler  (1958)  or  as  modified  by  Page 
(1974).  Lateralis  terminology  follows  Page  (1977).  When  sexual 
dimorphism  was  evident  in  a  character,  specimens  of  only  one  sex 
were  used  or  the  feature  was  divided  into  two  characters.  The 

biochemical  characters  used  in  the  numerical  analysis  of  Percina 
(Page,  1974)  were  not  used  in  this  study  because  data  were  missing 

for  about  one-half  of  the  species.  Vertebral  counts  also  were  not 
used  because  data  are  unavailable  for  many  species.  The  52  char- 

acters employed  were  distributed  as  follows: 

1.  Quantitative     33 
A.  Meristic     17 

B.  Body  proportions     16 

II.  Qualitative     19 

A.  Pigmentation          2 

B.  Squamation       6 
C.  Miscellaneous       11 

Of  the  52  characters,  42  were  continuously  variable,  multistate 
characters.  The  other  10  were  two-state  characters  utilizing  a 
derived  character  state  found  in  one  or  more  species. 

Systematics. — Phenograms  and  cladograms  were  compared  to 
the  existing  generic  and  subgeneric  classification  [that  of  Bailey 
and  Gosline  (1955)  modified  subsequently  by  Collette  and  Yerger 
(1962),  Cole  (1967),  Page  and  Whitt  (1973a),  Page  (1974),  and 

Williams  and  Robison  (1980)  (Table  1)]  and  discordances  con- 
sidered as  potential  errors  in  classification.  Examination  of  syn- 

apomorphous  (shared  derived)  characteristics  as  evidence  of  rela- 
tionship (sensu  Hennig,  1966)  sometimes  involved  characters  not 

included  in  the  numerical  analysis  because  of  extreme  difficulty  in 
coding  (e.g.,  colors  in  first  dorsal  fin). 
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Table  1. — Classifications  of  darters. 

Genera  and  Sub- 
genera of  Railey  and 

Gosline  (1955) 

Modifications  Subsequent 
to  Bailey  and  Gosline  (1955) 

Classification  Adopted 

Herein  (and  Number  of 
Described  Species  in 
Each  Subgenus) 

Percina 

Hadropterus 
Swainia 
Alvordius 
Ericosma 

Hypohomus 
Cottogaster 
Imostoma 
Percina 

Ammocnjpta 

Crystallaria 
Ammocrypta 

Etheostoma 

Psychromaster 

Allohistium 
Etheostoma 
Ulocentra 

Boleosoma 
Ioa 

Nothonotus 

Odontopholis  (Page,  1974) 

Litocara  (Page  and  Whitt,  1973a) 

Doration  (Cole,  1967) 

Vaillantia  (Cole,  1967) 

Austroperca 
Oligocephalus 
Catonotus 

Hololepis 
Microperca 

Villora  (Collette  and  Yerger,  1962) 
Ozarka  (Williams  and  Robison,  1980) 

Percina 

Hadropterus  (4) 
Swainia  (4) 

Alvordius  (8) 
Ericosma  (2) 

Odontopholis  ( 1 ) 

Hypohomus  ( 1 ) 
Cottogaster  ( 1 ) 
Imostoma  (5) 
Percina  (5) 

Ammocrypta 

Crystallaria  ( 1 ) 
Ammocrypta  (6) 

Etheostoma 

Psychromaster  ( 1 ) 
Litocara  (2) 

Allohistium  ( ]  ) 
Etheostoma  ( 13) 
Nanostoma  (6) 
Doration  (2) 

Boleosoma  (5) Ioa  (1) 

Vaillantia  (2) 

Nothonotus  ( 13) 
Fuscatelum  ( 1) 
Belophlox  (3) 
Villora  ( 1 ) 
Ozarka  (5) 

Oligoccphalus  (15) 
Catonotus  (10) 

Boleichthys  (10) 

RESULTS 

Comparisons  of  Methods. — Comparisons  among  phonograms 
and  cladograms  of  a  given  group  of  species  were  made  by  compar- 

ing their  structures  to  the  existing  classification  of  darters,  by  exam- 
ining their  overall  ability  to  form  clusters,  and  by  contrasting  their 

cophenetic  correlation  coefficients  (CPCC)   (Table  2). 

The  objective  in  doing  a  numerical  taxonomic  study  is  to  exam- 
ine and  improved  the  existing  classification  of  a  group  of  organisms. 

The  lack  of  congruence  among  phenograms  and  cladograms  pre- 
vents the  substitution  of  any  one  of  them  as  the  structure  for  a  new 

classification  and  instead  requires  that  they  be  compared  with  the 
existing  classification,  which  generally  is  a  product  of  careful  study. 
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The  "errors"  in  classification  which  are  suggested  most  consistently 
by  the  phenograms  and  cladograms  are  ones  to  receive  the  most 
attention.  Conversely,  the  numerical  taxonomic  method  winch  gives 
a  structure  most  similar  to  the  existing  classification  is  likely  to  be 
the  best  in  terms  of  information  content,  and  is  the  one  which  a 
specialist  on  the  taxonomic  group  under  study  will  consider  the 

most  reliable.  Among  procedures  used,  UPGMA — correlation  co- 
efficient gave  results  most  congruent  with  darter  systematics  and 

WAGNER — rooted  with  an  outgroup  gave  the  least  congruent  re- 
sults (Table  2).  For  small  groups  of  species  (Figs.  1-4)  WAGNER 

— rooted  at  midpoint  generally  gave  results  as  good  as  those  of 
UPGMA — correlation  coefficient,  but  it  gave  poor  results  when  all 
species  were  included  (Table  2).  Sneath  and  Sokal  (1973),  com- 

paring only  phenetic  methods,  noted  that  when  comparisons  are 

made  with  existing  classifications,  structures  produced  from  pro- 
cedures using  correlation  coefficients  usually  are  deemed  the  b^st. 
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Fig.    1. — Phenogram   of   34    species   of   I'crciua.     UPGMA — correlation   co- 
efficient;  CPCC  =  0.898. 



THE  GENERA  AND  SUBGENERA  OF  DARTERS 

■  P.  CYMATOTAFNIA 

  P.SP. 
P.  AURANTIACA—HYPOHOMUS 

^J—  0D0NT0PH0LIS 

fi 

-P.   AUROUNEATA 

P.  NIGROFASCIATA 
   P.  SCIERA 

P.  LENTICUIA      — I 

-P.  MACROCEPHALA 

-P,  MACULATA 

   P.  PELTATA 

   P.  PANTHER INA 
  P.  SP. 

—  ALVORDIUS 

P.  NASUTA 

-P.  PHOXOCEPHALA 

I    P.  OXYRHYNCHA 
I   P.  SQUAMATA 

P.  COPELANDI 

£ 
-P.  SP. 

■  P  CRASSA 

■  P,  NOTOGRAKMA 

   P.  ROANOKA 

-P.  SHUMARDI 

   P.  OUACHITAE 

   P.  ANTESELLA 

J- 

H- 

^ -P.  CARBONARIA 

•P.  MACROLEPIDA 

0.00     I    2,73     I    5.47     I    8.20    I    10,94    I    13,67 
1,37         4.10         6,84         9,57        12.31 

DISTANCE  FROM  ROOT 

Fig.  2. — Cladogram  of  34  species  of  Percina.    WAGNER — rooted  at  mid- 
point; CPCC  =  0.880. 

For  Percina,  with  only  34  species  and  distinct  subgenera  (Page 
1974),  all  procedures  clustered  well.  For  larger  groups  of  species, 
UPGMA — correlation  coefficient  consistently  formed  large  clusters 
from  small  clusters  (Figs.  1,  3,  5,  7).  These  structures  resemble 
conventional  taxonomic  classifications  and,  in  fact,  resemble  fairly 
closely  the  existing  classification  of  darters.  Phenograms  based  on 

average  taxonomic  distance  and  mean  character  difference  succes- 

sively added  OTU's  to  existing  clusters  (Fig.  6).  Their  structures 
do  not  suggest  relationships  beyond  those  involving  only  a  few 

species  and  do  not  yield  themselves  as  well  as  UPGMA — correlation 
coefficient  phenograms  to  a  meaningful  comparison  to  existing  tax- 

onomy. WAGNER  procedures  (Figs.  2  and  4)  clustered  better  than 

did  UPGMA — average  taxonomic  distance  and  UPGMA — mean 
character  difference  but  not  as  well  as  UPGMA — correlation  co- 
efficient. 

Generally,  UPGMA — correlation  coefficient  and  WAGNER — 

rooted  at  midpoint  produced  the  highest  CPCC's  and  UPGMA — 
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Fig.  3b. — Lower  part  of  phenogram  of  101  species  of  Etheostoma.  UPGMA 
— correlation  coefficient;  CPCC  =  0.803.  Subgeneric  assignments  are  based  on 
conclusions  herein. 

mean  character  difference  produced  the  lowest.  However,  CPCC 
did  not  consistently  rate  one  procedure  over  another. 

Systematics. — A  phenogram  of  all  142  species  of  darters  examined 
(Fig.  5)  showed  many  similarities  to  the  classification  of  Bailey  and 
Gosline  (1955);  at  a  clustering  coefficient  of  approximately  0.60, 
many  of  their  subgenera  were  delimited. 

The  final  cluster  among  the  142  species,  rather  than  a  union  of 

genera,  was  a  union  of  the  "primitive  darters"  (including  all  species 
of  Percina  and  Ammocrypta  and  many  species  of  Etheostoma)  and 

the  "advanced  darters"   (including  only  species  of  Etlieostoma) . 
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NER— rooted  at  midpoint;  CPCC  =  0.817.  Subgeneric  assignments  are  based 

on  conclusions  herein. 

Contained  in  the  primitive  group  of  darters  were  species  of  Etheo- 
stoma usually  assigned  to  the  subgenera  Allohistium,  loa,  Litocara, 

Etheostoma,  Ulocentra,  and  Doration.  Included  in  the  advanced 

group  were  species  of  Oli  pyocephalus,  Nothonotus,  Catonotus,  Psy- 
chromaster,  Austroperca,  Villora,  Hololepis,  and  Microperca.  Bole- 
osoma  and  Vaillantia  were  split  among  the  two  major  groups. 

Subgenera  of  Percina  grouped  in  agreement  with  the  classifi- 
cation presented  by  Page  (1974)  except  that  Swainia  and  Alvordius 

failed  to  group  as  distinct  entities  ( Fig.  5).  This  is  surprising  in 
that  Swainia  is  distinct  and  easy  to  diagnose  from  other  subgenera 

of  Percina.  Alvordius  consists  of  nine  species,1  including  among  the 
most  primitive  (P.  macrocepliala)  and  advanced  (P.  roanoka)  spe- 

1  Percina  gymnocephala  Beckham  1980  was  described  after  computer  analy- 
ses were  completed. 
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Fig.  8a. — Upper  part  of  phenogram  of  101  species  of  Etheostoma.  UPGMA 
— average  taxonomlc  distance;  CPCC  =  0.800.  Suhgeneric  assignments  are 
based  on  conclusions  herein. 

ries  of  Percina,  and  this  large  array  of  evolutionary  gradation  is 
presumably  responsible  for  the  failure  of  the  species  to  cluster.  P. 
roanoka  is  a  highly  evolved  Form  that  joined  the  Percina  cluster 
alter  species  of  Ammocrypta  and  Etheostoma  (Fig.  5).  This  species 
is  adapted  for  life  in  shallow  rocky  riffles,  a  unique  attribute  among 
Percina,   and   consequently    has   unusual    morphological   character- 
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Fig.  6b. — Lower  part  of  phenogram  of  101  species  of  Etheostoma.  UPGMA 
— average  taxonomic  distance;  CPCC  =  0.800.  Subgeneric  assignments  are 
based  on  conclusions  herein. 

istics.    However,   P.   roanoka   clearly  is  related  to  other  Atlantic 
drainage  species  of  Alvordius  (Mayden  and  Page,  1979). 

A  phenogram  and  a  cladogram  of  species  of  Percina  only  (Figs. 
1  &  2)  also  failed  to  segregate  Swainia  and  Alvordius  as  discrete 
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Fig.  7. — Phenogram  of   13  species  of  the  subgenera  Cnjstallaria,  Ammo- 
crypta,  loa  and  Boleosoma. 

units  but  included  P.  roanoka  in  clusters  containing  other  species  of 
Alvordius. 

Questions  about  the  wisdom  of  lumping  darters  into  only  three 

genera  specifically  have  concerned  the  relationship  of  the  log- 
perches  (Percina  s.s.)  to  other  species  of  Percina  s.l.  (e.g.,  Steven- 

son, 1971),  the  relationship  of  asprella  to  other  Ammocrypta 
(Moore,  1968;  Miller  and  Robison  1973),  and  the  relationship  of 

vitreum  to  other  species  of  Etheostoma  and  to  species  of  Ammo- 
crypta (Page  and  Whitt,  1973a).  The  inclusion  of  logperches  in  a 

genus  with  other  darters  having  modified  scales  on  the  venter  is 
discussed  by  Page  and  Whitt  ( 1973b)  and  is  further  supported  by 
the  phenograms  generated  during  the  present  study  (Figs.  1  &  5). 

The  inclusions  of  asprella  in  the  genus  Ammocrypta  and  vitreum 
in  Etheostoma  are  supported  by  the  phenogram  of  all  species  ( Fig. 
5)  and  by  a  phenogram  (Fig.  7)  including  only  the  subgenera 
Ammocrypta,  Cnjstallaria,  Boleosoma,  and  loa.  As  shown,  the  affin- 

ity of  vitreum  is  to  species  of  Etheostoma  rather  than  to  Ammo- 
crypta, and  asprella  is  as  close  phenctically  to  species  of  the  sub- 

genus Ammocrypta  as  vitreum  is  to  the  subgenus  Boleosoma  of 

Etheostoma.  Boleosoma  was  selected  as  the  test-group  of  Ethco- 
Stoma  because  of  the  assumed  relationship  between  E.  vitreum  and 
species  of  Boleosoma  (Winn  and  Picciolo,  1960;  Collettc,  1965; 
Jenkins,  1971). 

Species  of  Ammocrypta  clustered  in  two  distinct  groups  (Figs. 
5  &  7),  supporting  the  disubgeneric  classification  of  Bailey  and 
Gosline  (  1055). 

The  affinities  among  species  of  Etheostoma  shown  by  the  pheno- 
gram of  all  species  (Fig.  5)  were  in  general  agreement  with  the 

existing  classification  (Tabic  1).    Discordances  were  the  following. 
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1.  Species  of  the  subgenus  Etheostoma  failed  to  cluster  and  in- 
stead were  divided  into  four  groups: 
a.  E.  zonale  clustered  with  species  of  Ulocentra  (labeled  as 

Nanostoma  in  Fig.  5 ) , 
b.  E.  blennioides, 
c.  E.  variatum,  E.  tetrazonum,  E.  kanawhae,  E.  osburni,  E. 

euzonum,  E.  blennius,  E.  swannanoa, 
d.  E.  histrio,  E.  rupestre,  E.  inscription,  E.  thalassinum,  E. 

sellare. 

2.  Species  of  the  subgenus  Boleosoma  failed  to  cluster  and  were 
widely  dispersed  over  the  phenogram  in  three  groups: 

a.  E.  longimanum  and  E.  podostemone  clustered  with  species 
of  the  subgenus  Etheostoma. 

b.  E.  nigrum,  clustered  with  E.  chlorosomum, 
c.  E.  perlongum,  E.  olmstedi. 

3.  The  two  species  of  Vaillantia  (chlorosomum,  davisoni)  failed 
to  cluster. 

4.  The  two  species  of  Psychromaster  (tuscumbia,  trisella)  failed 
to  cluster. 

5.  E.  tippecanoe  failed  to  cluster  with  other  species  of  No- 
thonotus. 

6.  Species  of  the  subgenus  Oligocephalus  failed  to  cluster  and 
instead  were  divided  into  six  groups: 

a.  E.  lepidum  group  with  16  species  (Fig.  5), 
b.  E.  juliae  clustered  with  species  of  Nothonotus, 
c.  E.  mariae,  E.  fricksium,  E.  hopkinsi, 
d.  E.  luteovinctum, 
e.  E.  parvipinne, 

f.  E.  exile  clustered  with  species  of  Hololepis  (fusiforme,  ser- 
riferum,  gracile,  zonijerum,  collis,  saludac),  Microperca 
(microperca,  proeliare,  fonticola),  and  Villora  (edivini, 
okaloosae). 

7.  Species  of  Villora  were  within  a  large  cluster  formed  mainly 
of  species  of  Hololepis. 

8.  Species  of  Microperca  were  within  a  large  cluster  formed 
mainly  of  species  of  Hololepis. 

A  phenogram  (Fig.  3)  involving  only  species  of  Etheostoma 
again  produced  most  of  the  discordances  cited  above  except  that 
species  of  Etheostoma  (s.s.)  with  the  exception  of  E.  zonale  (which 
still  clustered  with  species  of  (Ulocentra)  clustered;  the  E.  lepidum 
group  of  Oligocephalus  (16  species  in  Fig.  5)  split  into  three 
groups,  one  of  which  was  joined  by  the  previously  disjunct  E. 
parvipinne;  and  species  of  Villora  were  clustered  with  the  E.  mariae 
group  rather  than  with  species  of  Hololepis  and  Microperca.  The 
only  additional  disagreement  with  existing  classification  was  the  in- 

clusion of  E.  tuscumbia  in  the  cluster  of  species  of  Catonotus. 



18 OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

Considering  discordances  consistent  in  both  phenograms  (Figs. 
3  &  5),  the  following  questions  concerning  subgeneric  relations  are 
discussed. 

1.  Are  the  closest  affinities  of  E.  zonale  with  species  of  Ethe- 
ostoma  (s.s.)  or  Ulocentra? 

The  subgenera  Etheostoma  and  Ulocentra  are  closely  related 

and  difficult  to  diagnose  from  one  another.  Bouchard  ( 1977 )  tabu- 
lated eight  distinguishing  characteristics  but  indicated  large  over- 

lap between  the  two  subgenera.  The  most  useful  of  those  eight 
and  additional  characteristics  for  separating  the  two  subgenera  are 
given  in  Table  3.  There  is  overlap  in  several  of  these  characteristics 
but  little  to  no  overlap  in  the  means  of  three  body  proportions  (Fig. 
8).  In  all  three  proportions  E.  zonale  clearly  belongs  with  species 

referred  to  Ulocentra  (i.e.,  E.  zonale  has  a  very  short  snout  in  re- 
lation to  body  depth,  a  narrow  head  in  relation  to  standard  length, 

and  narrow  inteiyjelvic  width  in  relation  to  the  length  of  the  pelvic 
fin  base).  Furthermore,  the  least  rejected  phylogeny  (sensu  Wiley, 
1975)  based  on  characteristics  in  Table  3  demonstrates  (Fig.  9),  as 

did  the  phenograms  (and  cladograms,  although  more  loosely — e.g. 
Fig.  4),  that  if  two  subgenera  are  to  be  recognized,  E.  zonale  must 
be  allied  taxonomically  to  species  of  Ulocentra  and  not  of  Ethe- 

ostoma. The  inclusion  of  E.  zonale  means  that  Nanostoma,  as  the 

oldest  available  genus-group  name,  replaces  Ulocentra. 

Table  3. — Characteristics  distinguishing  the  subgenera  Etheostoma  and  Ulo- 
centra, and  comparisons  with  E.  zonale. 

Etheostoma^ Ulocentra1 

E.  zonale 

Breeding  tubercles 

Modal  no.  branchi- 

ostegal  rays 
Modal  no.  preopercu- 

lomandibular  pores- 
No.  dorsal  saddles 

Snout  length/body 
depth 

Head  width/standard 
length 

Interpeh  ic  fin  width/ 
peh  ie  (in  liase  length 

Prevomerine  teeth 

present (except  in 
histrio,  rupestre, 
sella  re) 

6 

10  (9  in  histrio, 
rupestre) 

usually  4  to  7 
0.36-0.50 

0.140-0.105 

0.61-0.85 

absent 

5  (6  in  coosae) 

9  (10  in  coosae) 

usually  8  or  9 
0.27-0.33 

0.125-0.140 

<).2,S-0.61 

absent 

5 

10  (9  in  some 

populations 
usually  6 

0.30 

0.135 

0.45 

present  (except  in     absent  (except  in       present 
blennioides  and        coosae) 
some  rupestre) 

Included    spc  ei.-s   are   /.'.    bletinioides,   I',,    hh  imius,   /'.'.    eUZOnum,   E.   histrio, 
/..  iu\(  upturn,  /•.'.  kanawhae,  E.  osbumi,  I'.,  rupestre,  E.  sellare,  E.  swannanoa, 
l.    tetrazonum,  E.  thalassinum,  and  I'.,  variatum. 

I:,  atripinne,  E.  coosae,  l'..  etnieri,  !■'..  duryi,  E.  simoterum,  and  nine  un- 
described  species  (Appendix  A). 
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I   1   1   1   1   1   1   1 

0.2      0.3      0.4      0.5        0.6      0.7      0.8      0.9 

INTERPELVIC  FIN  WIDTH/PELVIC  FIN  BASE  LENGTH 

i   1   1   1   1   1 

0.12    0.13    0.14    0.15    0.16    0.17 

HEAD  WIDTH/STANDARD  LENGTH 

i   1   1   1   1   1   1   1 

0.26     0.30    0.34    0.38    0.42    0.46    0.50    0.54 

SNOUT  LENGTH/BODY  DEPTH 

Fig.  8. — Means  of  fin  and  body  proportions  among  species  of  Ulocentra 
(sensu  Bailey  and  Gosline,  1955)  and  Etheostoma  (s.s. ).  Solid  line  is  range  in 
means  of  Ulocentra;  dashed  line,  range  in  means  of  Etheostoma.  Triangle 
represents  mean  for  E.  zonale;  dot,  mean  for  E.  rupestre;  open  circle,  mean  for 
E.  histrio.  The  latter  two  species  have  been  assumed  to  be  close  relatives  of 
E.  zonale  (Tsai  and  Raney,  1974). 

ETHEOSTOMA  (S.S,) 

•  E.    COOSAE 

E.    ZONALE 

>■-■•■><  „  „ ►ALL   OTHER      ULOCENTRA 

i— ■ 

Fig.  9 — Least  rejected  phylogenetic  hypothesis  of  the  relationships  among 
species  usually  referred  to  the  subgenera  Etheostoma  and  Ulocentra.  Syna- 
pomorphous  characteristics  (black  rectangles)  from  Table  3  are  (1)  presence 

of  5  branchiostegal  rays,  (2)  snout  length/body  depth  =  0.27-0.33,  (3)  head 
width/standard  length  =  0.125-0.140,  and  (4)  interpelvic  width/pelvic  fin 
base  length  =  0.28-0.61. 
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E.  zonale  probably  originated  near  the  time  of  the  phylogenetic 
separation  of  Etheostoma  (s.s.)  and  Nanostoma  and  consequently 
is  somewhat  intermediate  between  the  two  groups.  The  presence 
of  five  branchiostegal  rays  in  all  species  of  Nanostoma  except  E. 

coosae  is  the  principal  basis  for  taxonomic  separation  from  Ethe- 
ostoma. However,  the  sixth  branchiostegal  ray  in  many  species  of 

Etheostoma  ( s.s. )  is  often  rudimentary,  further  suggesting  the  close 
relationship  between  the  two  groups  of  species.  The  alternative  to 

recognizing  E.  zonale  and  all  species  of  "Ulocentra"  as  members  of 
Nanostoma  would  be  to  incorporate  all  species  involved  into  the 
subgenus  Etheostoma. 

2.  Are  the  closest  affinities  of  E.  longimanum  and  E.  podoste- 
mone  with  species  of  Boleosoma  or  Etheostoma  (s.s.),  and 

3.  Are  E.  nigrum  and  E.  chlorosomum  closest  relatives? 

In  the  phenograms  and  cladograms  (Figs.  3-6),  E.  podostemone 
and  E.  longimanum  clustered  with  species  of  Etheostoma  (s.sj, 
and  E.  nigrum  clustered  with  E.  chlorosomum.  Fortunately  all  five 
species  of  Boleosoma  (podostemone,  longimanum,  nigrum,  olmstedi, 

perlongum)  share  a  complex,  derived  characteristic  that  is  solid  evi- 
dence of  common  ancestry.  That  characteristic  is  the  flattened 

bifurcate  genital  papilla  of  the  female  (Cole,  1967).  Females  of 
E.  chlorosomum  and  species  of  Etheostoma  (s.s.)  do  not  have 
similar  papillae. 

Species  of  Boleosoma  display  a  great  deal  of  interspecific  vari- 
ation in  physiognomy  (as  extremes,  E.  perlongum  is  long  and  slen- 

der and  E.  longimanum  and  E.  podostemone  are  robust)  and  meris- 
tic  counts,  and  this  variation  is  probably  responsible  for  the  failure 

of  the  species  to  cluster.  Character  states  in  three  body  and  fin  pro- 
portions illustrate  the  extreme  variation  within  Boleosoma:  among 

all  142  species  of  darters  examined,  the  mean  HW/SL  varied  from 
0.10  to  0.16,  and  among  the  five  species  of  Boleosoma  varied  from 
0.12  to  0.16  (70  percent  of  the  range  in  states  among  all  darters); 

similarly  the  range  in  mean  CPD/SL  among  Boleosoma  was  67  per- 
cent of  that  among  all  darters,  and  in  D2FL/QL  $  was  69  percent. 

4.  Should  E.  chlorosomum  and  E.  davisoni  be  in  separate  sub- 
genera? E.  chlorosomum  and  E.  davisoni,  according  to  Howell 

(1968)  members  of  the  ditypic  subgenus  Vaillantia,  failed  to  cluster 
in  the  phenograins.  E.  davisoni  is  superficially  similar  to  E.  stig- 
maeum  and  clustered  with  the  subgenus  Doration  in  one  pheno- 
gram  (Fig.  3).   E.  davisoni  twice  has  been  in  the  synonymy  of  E. 
Stigmaeum  (Jordan  and  Kvermann,  L896;  Bailey,  Winn  and  Smith, 

L954).  /'.'.  chlorosomum  clustered  with  E.  nigrum,  as  discussed above. 

In  a  phenogram  comparing  only  Vaillantia,  Doration,  Bole- 
OSOma,  and  loa  (the  first  three  were  lumped  into  one  subgenus  by 

Bailey  and  Gosline,    1955),  /•,'.  chlorosomum  and  E.  davisoni  clus- 
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tered  as  a  unit.  The  two  species  are  similar  in  physiognomy  and 

share  two  synapomorphous  characteristics:  a  bulb-shaped  female 
genital  papilla  with  villi  around  the  pore  (Howell,  1968)  and 
fusion  of  the  preorbital  bars  into  a  continuous  black  bridle  around 
the  snout.  Both  E.  chlorosomum  and  E.  davisoni  modally  have  10 
dorsal  rays  (the  only  other  species  of  Etheostoma  having  10  or 
fewer  are  three  species  of  Boleichthys,  see  below),  a  mean  BD/SL 
ratio  of  0.15  (only  three  other  species  of  Etheostoma  have  a  ratio 
this  small  or  smaller),  a  D2FL/QL<3  ratio  of  less  than  0.58  (true 
of  only  three  other  species  of  Etheostoma),  and  a  D2FL/QL  $  ratio 
of  less  than  0.54  (true  of  only  two  other  species  of  Etheostoma). 
The  failure  of  the  two  species  to  cluster  in  the  larger  phenograms 

(Figs.  3  &  5)  is  an  enigma,  but  they  share  the  above  derived  char- 
acteristics and  both  should  be  retained  in  the  subgenus  Vaillantia. 

5.  Should  E.  tuscumbia  and  E.  trisella  be  in  separate  subgenera? 

The  addition  of  E.  trisella  to  the  previously  monotypic  Psychro- 
master  (Bailey  and  Richards,  1963)  was  based  on  the  only  avail- 

able specimen  of  E.  trisella,  the  juvenile  holotype.  Considering  the 

data  now  available  on  many  more  specimens  of  E.  trisella,  no  rea- 
son exists  to  conclude  that  the  species  is  closely  related  to  E. 

tuscumbia.  Both  species  modally  have  only  one  anal  spine,  but  so 
do  several  other  species  of  Etheostoma.  In  the  phenograms,  E. 
trisella  is  loosely  allied  to  E.  australe  but  probably  is  not  intimately 

related.  It  appears  in  general  appearance  (physiognomy  and  stip- 
pled color  pattern)  to  be  most  similar  to  the  E.  punctulatum  species 

group  (E.  punctulatum,  E.  cragini,  E.  pallididorsum,  E.  boschungi); 
these  five  species  were  recently  placed  in  the  subgenus  Ozarka 

(Williams  and  Robison,  1980).  Recently  acquired  and  as-yet  un- 
published data  on  reproduction  in  E.  trisella  reveal  that  it  has  the 

same  highly  specialized  site  of  egg  deposition  (M.  G.  Ryon,  pers. 
comm.)  as  that  of  E.  boschungi  (seepage  water  in  pastures — 
Boschung,  1979). 

In  the  phenogram  of  species  of  Etheostoma  (Fig.  3),  E.  tuscum- 
bia clustered  with  Catonotus.  There  are  general  similarities  in 

physiognomy  between  E.  tuscumbia  and  members  of  the  E.  squa- 
miceps  species  group  of  Catonotus  but  no  indicators  of  close  rela- 

tionship. The  scales  on  the  branchiostegal  membranes  and  on  top 

of  the  head,  the  long  and  tubular  genital  papilla  of  the  male,  tubu- 
lar genital  papilla  of  the  female,  and  one  anal  spine  separate  E. 

tuscumbia  from  species  of  Catonotus.  It  seems  prudent  to  maintain 
the  highly  singular  E.  tuscumbia  in  a  monotypic  subgenus. 

6.  Should  E.  tippecanoe  be  removed  from  Nothonotus? 

Zorach  ( 1972)  considered  E.  tippecanoe  an  early  offshoot  of  the 
Nothonotus  lineage  and  tabulated  several  characteristics  separating 
that  species  from  other  members  of  the  subgenus.  Early  divergence 
and  subsequent  specializations  apparently  are  responsible  for  the 
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failure  of  E.  tippecanoe  to  cluster  with  other  Nothonotus.  Although 
divergent,  no  compelling  reason  exists  to  separate  E.  tippecanoe 
from  Nothonotus  and  in  doing  so  to  obscure  the  relationships  of 
the  species. 

7.  Are  the  closest  affinities  of  E.  juliae  with  species  of  Oligo- 
cephalus  or  Nothonotus? 

Atypically  for  Nothonotus,  E.  juliae  has  broadly  connected 
branchiostegal  membranes  and  a  fully  scaled  nape.  It  also  lacks 

the  blue-green  breast  and  red  spots  on  the  side  of  the  body  typical 
of  most  (but  not  all)  species  of  Nothonotus.  However,  E.  juliae  has 
the  distinctive  thin,  alternating  dark  and  light  lines  along  the  side 
of  the  body  found  in  all  Nothonotus  except  E.  tippecanoe  and  E. 
jordani  and  absent  in  all  Oligocephalus,  and  has  a  complete  (over 

95  percent  pored)  lateral  line  as  do  all  Nothonotus  except  E.  tippe- 
canoe; all  Oligocephalus  except  E.  mariae  and  E.  fricksium  have 

incomplete  lateral  lines.  Nothonotus  are  generally  deeper  bodied 
than  are  Oligocephalus,  and  E.  juliae  and  E.  acuticeps  are  extreme 
in  this  characteristic  (Fig.  10).  Nothonotus  characteristically  have 
a  smaller  D2L/D1L  ratio  than  do  Oligocephalus  and  E.  juliae  is 
typical  for  Nothonotus  in  this  respect  (Fig.  10). 
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Fig.  10. — Scattergram  <>\  species  of  Oligocephalus  sensu  Bailey  and  Gosline 

(1955)  (circles)  and  Nothonotus  (dots,  /'.'.  acuticeps  =  square,  E.  juliae  = 
triangle)  based  on  means  of  two  proportional  characteristics. 
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Oligocephalus  and  Nothonotus  are  difficult  to  separate  diagnos- 
tically  (Bailey,  1959;  Zorach,  1972)  because  of  the  variation  within 
each  subgenus,  but  it  is  apparent  that  E.  fuliae  is  related  to  species 
of  the  subgenus  Nothonotus;  E.  juliae  is  less  atypical  for  Nothonotus 
than  is  E.  tippecanoe. 

8.  Are  the  closest  affinities  of  E.  exile  with  species  of  Oligo- 
cephalus, or  Hololepis  and  Microperca? 

Collette  (1962)  noted  the  similarity  between  E.  exile  and  spe- 
cies of  Hololepis,  citing  as  important  characteristics  the  compressed 

body  form,  arched  and  incomplete  lateral  line,  and  pool  habitat. 
The  arching  of  the  lateral  line  is  intraspecifically  variable  in  E.  exile, 
but  the  lateral  line  is  often  abruptly  arched  upward  anteriorly  as  it 
is  in  species  of  Hololepis  and  not  in  species  of  Oligocephalus. 

Males  of  both  Hololepis  and  Microperca  develop  breeding  tu- 
bercles; species  of  Oligocephalus  may  or  may  not  develop  tubercles. 

The  absence  of  tubercles  in  E.  exile  argues  against  a  close  relation- 
ship with  species  of  Hololepis  and  Microperca  but,  because  the 

absence  of  tuberles  is  plesiomorphous,  is  not  an  indication  of  re- 
lation to  Oligocephalus.  Tubercles  have  appeared  independently 

within  many  darter  groups  (see  Table  1  in  Collette,  1965).  Holo- 
lepis generally  have  a  lower  percentage  of  pored  scales  in  the  lat- 

eral row  than  do  Oligocephalus,  and  Hololepis  males  generally  have 

a  smaller  D2FL/QL  ratio  than  do  males  of  Oligocephalus.  Con- 
trasting these  two  characters  (Fig.  11)  shows  a  greater  similarity 

between  E.  exile  and  species  of  Hololepis  than  it  does  between  the 
primitive  E.  serriferwn  and  other  Hololepis. 

Boleichthys  is  available  as  a  subgeneric  name  for  E.  exile 
and  predates  Hololepis  which  therefore  becomes  a  synonym  of 
Boleichthys. 

9.  Is  the  separate  subgeneric  status  of  Microperca  warranted? 

Collette  (1962)  stated  that  species  of  Microperca  (E.  proeliare, 
E.  fonticola,  E.  microperca)  are  the  culmination  of  a  phyletic  line 

passing  through  Hololepis.  That  relationship  is  supported  by  phe- 
nograms  (Figs.  3  &  5).  Burr  (1978)  discussed  the  closeness  of  the 
two  subgenera  and  noted  the  intermediacy  of  E.  saluclae  and  E. 
collis  between  the  two  subgenera. 

It  seems  apparent  that  E.  saluclae  and  E.  collis  are  more  similar 

to  species  of  Microperca  than  they  are  to  some  species  of  Boleich- 
thys, and  that  E.  saluclae,  E.  collis,  and  Microperca  share  a  com- 
mon ancestor.  Boleichthys,  therefore,  without  E.  proeliare,  E.  fon- 

ticola, and  E.  microperca,  is  not  a  monophyletic  assemblage  (sensu 
Hennig,  1966).  It  is  necessary  to  synonymize  Microperca  under 

Boleichthys  not  only  to  have  a  monophyletic  subgenus  (as  pro- 
duced in  Figs.  3  &  4)  but  also  to  remove  the  artificiality  of  grouping 

E.  saludae  and  E.  collis  with  distant  relatives  (E.  serriferum,  E. 
fusiforme,   E.   exile)   and   not   with   the   more   closely   related   E. 
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Fig.  11. — Scattergram  of  species  of  Oligocephalus  sensu  Bailey  and  Gosline 
(1955)  (circles)  and  Boleichthys  (dots,  E.  serriferum  =  square,  E.  exile  = 
triangle)  based  on  mean  percentages  of  pored  scales  in  lateral-line  row  and 
mean  second  dorsal  fin  lengths  (relative  to  QL)  of  males. 

proeliare.  Synapomorphous  characteristics  of  Boleichthys  are  the 
arched  lateral  line  and  adult  females  that  average  larger  than  males. 

10.   Is  Oligocephalus  polyphyletic? 

In  the  preceding  discussion  E.  juliae  and  E.  exile  were  removed 
from  Oligocephalus.  The  phenograms  suggest  that,  even  with  these 
adjustments  and  removal  of  the  E.  punctulatum  species  group 
(Williams  and  Robison,  1980),  Oligocephalus  is  an  artificial  assem- 

blage of  species.  Further  complicating  consideration  of  the  relation- 
ships of  species  assigned  to  Oligocephalus  is  the  fact  that  Villora, 

as  defined  by  Collette  and  Yerger  (1962),  and  Austroperca  are 
difficult  to  diagnose  from  Oligocephalus.  Collette  and  Yerger  (1962) 
commented  on  the  morphological  intermediacy  of  E.  okaloosae  be- 

tween E.  (Villora)  edwini  and  E.  (Oligocephalus)  swaini  and  noted 
that  they  had  not  thoroughly  compared  E.  okaloosae  and  E.  edwini 
to  Oligocephalus. 

bailey  and  Richards  (1963)  diagnosed  Oligocephalus  but  the 
characteristics  given  were  too  variable  to  separate  Oligocephalus 
from  other  subgenera  of  Elheostoma.  In  fact,  no  diagnostic  charac- 

teristics unite  the  species  referred  to  Oligocephalus  by  Bailey  and 
Richards. 
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Some  species  groups  among  the  species  under  consideration  are 
suggested  by  the  phenograms  and  are  otherwise  evident.  These 

groups,  proposed  as  subgenera,  are  shown  in  Table  4.  The  pro- 
posed new  subgeneric  classification  is  supported  only  in  part  by  the 

phenograms  but  the  subgenera  can  be  diagnosed.  Unless  and  until 
new  data  become  available  which  allow  more  inclusive  subgenera 
to  be  formed,  it  is  not  evident  how  further  consolidation  ought  to 
proceed. 

Color  characteristics  of  darters  are  highly  variable  dimorphically, 
ontogenetically,  and  seasonally  and  consequently  are  difficult  to 
verbalize  with  much  precision.  That,  plus  the  fact  that  precise  color 
characteristics  are  poorly  known  for  many  darters,  prevented  the 
utilization  of  color  characteristics  in  the  CLUSTER  and  WAGNER 

analyses.  Recently  acquired  color  slides  of  freshly  preserved  speci- 
mens of  most  species  of  darters  enable  the  following  analysis  to  be 

made.  Further  data  on  the  colors  of  darters  could  help  refine  our 
ideas  on  their  relationships. 

Species  of  the  E.  lepidum  group  (Oligocephalus)  except  E. 
grahami  and  E.  pottsi  have  in  the  first  dorsal  fin  a  blue  (green  in 

E.  lepidum  and  E.  hopkinsi)  marginal  band  dorsad  to  a  well-defined 
red  band.1  None  of  the  other  species  under  consideration  (Table 
4)  has  the  blue-margin-over-red  arrangement  of  bands.  Apparently 
the  only  other  species  of  Etheostoma  with  this  characteristic  are  E. 
stigmaeum,  E.  jessiae,  E.  coosae,  some  undescribed  species  of 
Nanostoma,  E.  exile,  E.  gracile,  and  E.  zoniferum.  Generally,  the 
bands  in  the  last  three  species  are  smaller  and  less  vivid  than  those 
in  Oligocephalus  (and  in  the  last  two  species  the  dorsal  band  is 
more  often  gray  than  blue). 

Another  characteristic  of  all  species  in  the  reduced  Oligocepha- 
lus (Table  4)  is  the  presence  of  alternating  dark  and  light  vertical 

bars  on  the  side  of  the  body.  Usually  on  females  the  dark  bars  are 
green,  brown,  or  black  and  the  light  interspaces  white  to  yellow; 

on  large  males  the  dark  bars  are  usually  blue  to  green  and  the  inter- 
spaces are  red  to  orange.  The  bars  are  typically  best  developed  on 

the  posterior  half  of  the  body.  E.  mariae  and  E.  parvipinne  some- 
times have  short  vertical  bars  on  the  side  but  they  never  involve  red 

and  blue  pigments.  Breeding  males  of  E.  fricksium  have  red-orange 
bars  alternating  with  green  on  the  lower  side. 

In  species  of  Belophlox  and  Ozarka,  the  first  dorsal  fin  is  mar- 
gined or  submargined  (there  may  be  a  thin  black  margin  along  part 

or  all  of  the  fin)  with  red  or  orange.  In  E.  (Villora)  eclwini  the  first 

1  In  addition,  clear  bands,  another  blue  band  ventrad  to  the  red  band  (e.g.,  in 

E.  asprigene  and  some  E.  spectabile),  or  from  top  to  bottom  a  blue-red-blue- 
red  sequence  (e.g.,  in  E.  nuclide,  some  E.  spectabile)  may  be  present.  Bands 
are  always  most  conspicuous  in  large  males. 
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dorsal  fin  is  clear  with  two  to  four  rows  of  discrete  red  spots.  In  E. 
parvipinne,  for  which  the  subgeneric  name  Fuscatelum  is  proposed, 
no  bright  colors  in  the  fins  or  anywhere  on  the  body  are  present. 

Oligocephalus  is  further  separable  from  Belophlox  by  modally 

having  an  incomplete  lateral  line  and  by  not  having  a  wide  brown- 
black  lateral  stripe  and  contrasting  light  lateral  line;  from  Villora 
by  the  relatively  short  and  deep  caudal  peduncle;  from  Ozarka  by 

the  absence  of  the  bright  yellow-orange  venter  of  the  breeding 
male;  and  from  Fuscatelum  by  the  presence  of  bright  colors. 

E.  grahami  and  E.  pottsi  appear  to  be  specialized  derivatives  of, 
or  early  offshoots  within,  Oligocephalus.  Unlike  in  other  species  of 
Oligocephalus,  in  E.  grahami  and  E.  pottsi  the  first  dorsal  fin  is 
margined  with  red  and  has  no  blue  band  and  vertical  bars  on  the 

side  of  the  body  are  only  weakly  developed.  However,  other  char- 
acteristics and  the  general  physiognomy  agree  with  those  of  other 

Oligocephalus  (female  and  young  E.  lepidum  and  E.  grahami  are 
often  confused  taxonomically )  and  leaving  E.  grahami  and  E.  pottsi 
in  Oligocephalus  seems  justified. 

E.  edwini  and  E.  okaloosae,  both  referred  to  Villora  by  Collette 
and  Yerger  (1963),  do  not  appear  to  be  sufficiently  related  to  be 
considered  consubgenerics.  In  general  body  shape  and  coloration, 
E.  edwini  and  E.  okaloosae  are  quite  dissimilar.  The  arching  of  the 
lateral  line  is  much  more  pronounced  in  E.  edwini  (as  noted  by 
Collette  and  Yerger);  in  E.  okaloosae  the  curve  in  the  lateral  line 
is  nearly  identical  to  that  in  some  species  of  Oligocephalus  (e.g., 
E.  swaini).  The  short  villous  genital  papilla  characteristic  of  breed- 

ing females  of  both  E.  edwini  and  E.  okaloosae  appears  to  be  struc- 
turally the  same  as  in  darters  as  diverse  as  E.  grahami  and  Percina 

sciera  and  is  not  indicative  of  common  ancestry. 

E.  australe,  presumably  referred  previously  to  the  monotypic 
subgenus  Austroperca  because  it  possesses  only  one  anal  spine,  is 
except  for  not  having  two  anal  spines  a  typical  Oligocephalus  with 
red-over-blue  bands  in  the  first  dorsal  fin  and  strong  vertical  bars 
on  the  side  of  the  body. 

GENERA  AND  SUBGENERA 

Genus  Percina  Haldeman 

Diagnosis. — With  modified  (enlarged  and  strongly  toothed) 
scales  on  breast  of  male;  two  anal  spines;  complete  lateral  line; 
uninterrupted  head  canals;  opaque  flesh;  a  distinctive  electropho- 
retic  mobility  of  the  LDH  B4  isozyme  (Page  and  Whitt,  1973b); 

mean  body  depth/ standard  length  —  0.12-0.20. 
Subgenera  of  Percina  were  diagnosed  by  Page  ( 1974 ) .  Subse- 

quent modifications  in  the  diagnosis  of  the  subgenus  Imostoma 
were  made  by  Etnier  (1976)  and  Page  (1976). 
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Genus  Ammocrypta  Jordan 

Diagnosis. — Without  modified  (as  in  Percina)  scales;  one  anal 
spine;  complete  lateral  line;  uninterrupted  head  canals;  translucent 
flesh  (when  alive);  without  LDH  Bt  isozyme  mobility  of  Percina; 

body  long  and  slender,  mean  body  depth/ standard  length  =  0.1.1- 
0.13. 

The  subgenus  Ammocrypta  was  diagnosed  by  Williams  (1975). 

CrystaUaria,  the  other  subgenus  of  Ammocrypta  (s.l. )  may  be  sepa- 
rated from  Ammocrypta  (s.s.)  as  follows. 

Subgenus  CrystaUaria  Jordan  and  Gilbert 

Diagnosis. — Prevomer    and    palatine    with    teeth;    premaxillary 
frenum  present  (narrow);  caudal  fin  deeply  forked;  modally  12-15 
dorsal  spines,  13-14  dorsal  rays,  12-15  anal  rays,  45-48  vertebrae. 

Genus  Etheostoma  Rafinesque 

Diagnosis. — Without  modified  (as  in  Percina)  scales;  one  or  two 
anal  spines;  complete  or  incomplete  lateral  line;  uninterrupted  or 
interrupted  head  canals;  opaque  flesh  (except  translucent  in  E. 
vitreum  which  often  has  two  anal  spines);  without  LDH  B4  isozyme 

mobility  of  Percina  (except  in  E.  cincreum  among  species  exam- 
ined); mean  body  depth/ standard  length  =  0.14-0.23. 

Among  the  characters  examined  in  the  literature  on  darters  and 

in  the  CLUSTER  and  WAGNER  analyses  (Appendix  B),  the  fol- 
lowing are  the  most  useful  in  diagnosing  subgenera  of  Etheostoma. 

1.  Lateral  line  arched  or  not  arched  upward  anteriorly.  In 
Boleichthys  and  Villora  the  lateral  line  characteristically  is  abruptly 
arched  upward  anteriorly,  the  apex  of  the  arch  being  under  the 
anterior  half  of  the  first  dorsal  fin.  In  some  other  subgenera,  e.g. 
Oligocephalus,  the  line  may  be  gently  curved  but  not  distinctly 
arched. 

2.  Lateral  line  complete  or  incomplete.  Many  species  consid- 
ered to  have  complete  lateral  lines  occasionally  have  a  few  unpored 

scales  in  the  lateral-line  row;  consequently,  the  lateral  line  arbitrar- 
ily is  termed  complete  in  any  species  in  which  95%  or  more  of  the 

scales  in  the  row  are  pored.  Percentages  of  completeness  are  spe- 
cies means  from  Appendix  C  rounded  to  nearest  5%. 

3.  Infraorbital  canal  interrupted  or  uninterrupted. 
4.  Supratemporal  canal  interrupted  or  uninterrupted. 
5.  Number  of  preoperculomandibular  pores. 
6.  Prevomer  with  or  without  teeth  (data  mainly  from  Richards, 

1966). 

7.  Palatine  with  or  without  teeth  (data  mainly  from  Richards, 
L966). 

8.  Number  of  branchiostegal  rays. 
9.  Premaxillary  frenum  present  or  absent. 
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10.  Number  of  anal  spines. 
11.  Supraoccipital  scaled  (with  scales)  or  unsealed  (without 

scales ) . 
12.  Flesh  opaque  or  translucent  when  alive. 
13.  Squamation  of  nape  (fully  scaled,  partly  scaled,  unsealed). 
14.  Squamation  of  breast  (fully  scaled,  partly  scaled,  unsealed). 
15.  Connection  of  branchiostegal  membranes  across  isthmus 

(separate,  narrowly  joined,  moderately  joined,  broadly  joined). 
16.  Breeding  tubercles  present  or  absent  on  males  (data  mainly 

from  Collette,  1965). 
17.  Branchiostegal  membranes  scaled  or  unsealed. 
18.  Depth  of  caudal  peduncle  relative  to  standard  length.  Means 

from  Appendix  C. 
19.  Number  of  anal  rays. 

20.  Body  depth  relative  to  standard  length.  Means  from  Ap- 
pendix C. 

21.  Interorbital  width  relative  to  head  width.  Means  from  Ap- 
pendix C. 

22.  Snout  length  relative  to  body  depth.  Means  from  Appen- 
dix C. 

23.  Second  dorsal  fin  length  relative  to  distance  from  front  of 
base  of  second  dorsal  fin  to  caudal  base  (of  females).  Means  from 
Appendix  C. 

24.  Pelvic  fin  length  relative  to  standard  length.  Means  from 
Appendix  C. 

25.  Gape  width  relative  to  snout  length.  Means  from  Appendix 
C. 

26.  Adult  males  average  larger  or  smaller  than  adult  females. 
27.  Anus  surrounded  or  not  surrounded  by  villi. 
28.  Interpelvic  fin  width  relative  to  pelvic  fin  base  length. 

29.  Genital  papilla  of  breeding  male  long  and  tubular  or  not 
long  and  tubular. 

30.  General  shape  of  genital  papilla  of  breeding  female  (illustra- 
tions and  descriptions  in  Collette,  1962,  1965;  Cole,  1967;  Howell, 

1968;  Burr,  1978). 
31.  Site  of  egg  deposition. 

32.  Particular  color  patterns  in  some  subgenera.  ( The  absence  of 
those  patterns  in  other  subgenera  is  understood  and  not  stated  as 
such  in  each  diagnosis.) 

The  combination  of  characteristics  in  the  initial  paragraph  of 
each  of  the  following  subgeneric  diagnoses  separates  that  subgenus 
from  all  other  subgenera  of  Etheostoma.  The  second  paragraph  of 
each  diagnosis  describes  the  states  of  characters  used  in  the  initial 
paragraphs  of  the  diagnoses  of  other  subgenera.  Unless  stated 
otherwise  in  the  above  list  of  characters  or  in  the  diagnoses,  all 
characteristics  are  modal  conditions. 
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The  subgenera  of  Etheo stoma  are  arranged  in  approximate  prim- 
itive to  advanced  sequence  (Table  1).  Numerous  phyletic  lines  are 

involved  in  the  evolutionary  history  of  the  genus  and  the  arrange- 
ment is  subjective. 

Psychromaster  Jordan  and  Evermann 

INCLUDED    SPECIES. — E.    tuscumbia.    Psychromaster,   as    a 
subgenus  of  Etheostoma  containing  E.  tuscumbia  and  E.  trisella, 
was  diagnosed  by  Bailey  and  Richards  ( 1963 ) . 

DIAGNOSIS. — Supraoccipital  region  with  scales;  branchioste- 
gal  membranes  with  scales  (variable  intraspecifically ) ;  genital  pa- 

pilla of  male  long  and  tubular;  one  thick  and  stiff  anal  spine;  lateral 
line  not  arched  upward  anteriorly;  pelvic  fins  short  (mean  length/ 
standard  length  =  0.16);  gape  wide  in  relation  to  snout  length 

(mean  width/ snout  length  —  1.35). 
Lateral  line  incomplete  (25%  scales  in  lateral-line  row  pored); 

infraorbital  canal  uninterrupted;  supratemporal  canal  interrupted*; 
modally  10  preoperculomandibular  pores;  prevomer  and  palatine 
with  teeth;  modally  six  branchiostegal  rays;  premaxillary  frenum 
present;  flesh  opaque;  nape  and  breast  fully  scaled;  branchiostegal 
membranes  separate;  breeding  tubercles  absent;  caudal  peduncle 
deep  (mean  depth /standard  length  more  than  0.11);  anal  rays 
modally  fewer  than  11;  mean  body  depth/ standard  length  more 
than  0.145;  interorbital  wide  (mean  interorbital  width/ head  width 
more  than  0.22);  snout  not  long  in  relation  to  body  depth  (mean 
snout  length/body  depth  less  than  0.53);  in  females,  second  dorsal 
fin  not  short  (mean  fin  length/ distance  from  front  of  base  of  second 
dorsal  fin  to  caudal  base  more  than  0.535);  adult  males  average 
larger  than  females;  anus  not  surrounded  by  villi;  interpelvic  fin 
width/ pelvic  fin  base  length  less  than  0.675;  genital  papilla  of 
breeding  female  short  and  conical;  eggs  attached  to  plants. 

Litocara  Bailey 

INCLUDED  SPECIES.— E.  sagitta,  E.  nianguae. 
DIAGNOSIS.— Modally  11  or  12  anal  rays;  base  of  caudal  fin 

with  two  vertically  aligned  jet-black  spots  (often  confluent  in  E. 
sagitta  and  breeding  males). 

Lateral  line  not  arched  upward  anteriorly,  incomplete  to  com- 
plete (90-100%  scales  in  lateral-line  row  pored);  infraorbital  and 

supratemporal  canals  uninterrupted;  modally  10  preoperculoman- 
dibular pores;  prevomer  and  palatine  with  teeth;  modally  six 

branchiostegal  rays;  premaxillary  frenum  present;  modally  two  anal 
spines;  supraoccipital  unsealed;  flesh  opaque;  nape  fully  scaled; 
breasl  unsealed;  branchiostegal  membranes  separate  to  narrowly 
joined  across  isthmus;  breeding  tubercles  present  on  body  scales  of 
male;  branchiostegal  membranes  unsealed;  caudal  peduncle  moder- 

ate in  depth  (mean  depth/ standard  length       0.08-0.11);  mean  body 
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depth/ standard  length  more  than  0.145;  interorbital  wide  (mean 
interorbital  width/ head  width  more  than  0.22);  snout  not  long  in 
relation  to  body  depth  (mean  snout  length/body  depth  less  than 
0.53);  in  females,  second  dorsal  fin  not  short  (mean  fin  length/ dis- 

tance from  front  of  base  of  second  dorsal  fin  to  caudal  base  more 

than  0.535);  pelvic  fins  not  short  (mean  fin  length/ standard  length 
more  than  0.16);  gape  not  wide  in  relation  to  snout  length  (mean 
gape  width/ snout  length  less  than  1.2);  adult  males  average  larger 
than  females;  anus  not  surrounded  by  villi;  interpelvic  fin  width/ 
pelvic  fin  base  length  less  than  0.675;  genital  papilla  of  breeding 
male  not  long  and  tubular,  of  breeding  female  a  short  tube;  eggs 
buried  in  substrate  (known  for  E.  nianguae) . 

Allohistium  Bailey 

INCLUDED  SPECIES. — E.  cinereum.  Allohistium  was  diag- 
nosed as  a  subgenus  of  Etheostoma  by  Bailey  in  Bailey  and  Gosline 

(1955). 

DIAGNOSIS. — Snout  long  in  relation  to  body  depth  (mean 
snout  length/ body  depth  =r  0.54);  palatine  without  teeth;  modally 
six  branchiostegal  rays;  nape  and  breast  unsealed  (or  few  scales 

posteriorly  on  nape);  branchiostegal  membranes  separate  to  nar- 
rowly joined  across  isthmus;  midlateral  row  of  small  black  rectan- 

gles, upper  sides  with  thin  brown  horizontal  lines;  first  dorsal  fin 
with  red-brown  margin. 

Lateral  line  not  arched  upward  anteriorly,  complete  ( 100%  scales 
in  lateral-line  row  pored);  infraorbital  and  supratemporal  canals 
uninterrupted;  modally  10  preoperculomandibular  pores;  prevomer 
with  teeth;  premaxillary  frenum  present;  modally  two  anal  spines, 
the  first  thick  and  stiff;  supraoccipital  unsealed;  flesh  opaque;  nape 
and  breast  unsealed;  breeding  tubercles  absent;  branchiostegal 
membranes  unsealed;  caudal  peduncle  moderate  in  depth  (mean 

depth/ standard  length  —  0.08-0.11);  anal  rays  modally  fewer  than 
11;  mean  body  depth/ standard  length  more  than  0.145;  interorbital 

wide  (mean  interorbital  width/ head  width  more  than  0.22);  in  fe- 
males, second  dorsal  fin  not  short  (mean  fin  length/ distance  from 

front  of  base  of  second  dorsal  fin  to  caudal  base  more  than  0.535); 
pelvic  fins  not  short  (mean  fin  length/ standard  length  more  than 
0.16);  gape  not  wide  in  relation  to  snout  length  (mean  gape  width/ 
snout  length  less  than  1.2);  adult  males  average  larger  than  females; 
anus  not  surrounded  by  villi;  interpelvic  fin  width/ pelvic  fin  base 
length  less  than  0.675;  genital  papilla  of  breeding  male  not  long  and 
tubular,  of  breeding  female  unknown;  egg  deposition  site  unknown. 

Etheostoma  Rafinesque 

INCLUDED  SPECIES.— E.  blennioides,  E.  hlennius,  E.  euzo- 
num,  E.  histrio,  E.  inscriptum,  E.  kanawhae,  E.  osburni,  E.  rupestre, 
E.  sellare,  E.  swannanoa,  E.  tetrazonum,  E.  tlwlassinum,  E.  vari- 
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atum.  Etheostoma  was  diagnosed  as  a  subgenus  including  E.  zonole 
by  Richards  (1966). 

DIAGNOSIS. — Branchiostegal  membranes  broadly  joined  across 
the  isthmus  (narrowly  joined  in  E.  sellare);  modally  six  branchi- 

ostegal rays  and  10  preoperculomandibular  pores  (nine  in  E.  histrio 

and  E.  rupestre);  genital  papilla  of  breeding  female  long  and  tubu- 
lar (short  and  flat  in  E.  sellare) .  E.  sellare  is  apparently  an  early 

offshoot  within  subgenus  Etheostoma;  characteristics  not  strictly 
diagnostic  for  subgenus  are  indicative  of  relationship  of  E.  sellare 
to  certain  species  (E.  variatum  complex)  of  subgenus:  back  crossed 

by  large  and  distinct  dark-brown  saddles  which  extend  anteroven- 
trally  below  lateral  line;  expansive  pectoral  fins. 

Lateral  line  not  arched  anteriorly,  complete  (95-100%  scales  in 
lateral-line  row  pored);  infraorbital  and  supratemporal  canals  un- 

interrupted; prevomer  and  palatine  with  or  without  teeth;  premax- 
illary  frenum  present  or  absent;  modally  two  anal  spines,  the  first 
thick  and  stiff;  supraoccipital  unsealed;  flesh  opaque;  nape  and 
breast  fully  scaled  to  unsealed;  breeding  tubercles  absent,  present 
on  body  scales  of  males,  or  present  on  body  scales  of  males  and 
females;  branchiostegal  membranes  unsealed;  caudal  peduncle 

moderate  in  depth  (mean  depth/ standard  length  =  0.08-0.11);  anal 
rays  modally  fewer  than  11;  mean  body  depth/ standard  length  more 
than  0.145;  interorbital  moderate  to  wide  (mean  interorbital  width/ 
head  width  more  than  0.16);  snout  not  long  in  relation  to  body 
depth  (mean  snout  length/ body  depth  less  than  0.53);  in  females, 
second  dorsal  fin  not  short  (mean  fin  length/ distance  from  front  of 
base  of  second  dorsal  fin  to  caudal  base  more  than  0.535);  pelvic 
fins  not  short  (mean  fin  length/standard  length  more  than  0.16); 
gape  not  wide  in  relation  to  snout  length  (mean  gape  width/snout 
length  less  than  1.2);  adult  males  average  larger  than  females;  anus 
not  surrounded  by  villi;  genital  papilla  of  breeding  male  not  long 
and  tubular;  eggs  attached  to  plants  (E.  hlamioides.) 

Nanostoma  Putnam 

INCLUDED  SPECIES.— E.  zonale,  E.  atripinne,  E.  coosac,  E. 

duryi,  I'.,  etnieri,  E.  simoterum,  and  about  10  undescribed  species. 
All  included  species  except  E.  zonale,  previously  in  Etheostoma 
(s.S.),  were  previously  in  Ulocentra,  diagnosed  by  Bouchard  (1977). 

DIAGNOSIS. — Branchiostegal  membranes  broadly  joined  across 
isthmus,  modally  five  branchiostegal  rays  and  nine  preoperculo- 

mandibular pons  (six  and  K).  respectively,  in  E.  coosae;  10  pre- 
operculomandibular pores  iii  E.  zonalc);  genital  papilla  ol  breeding 

female  long  and  tubular. 

Lateral  line  not  arched  anteriorly,  complete1  (95-100%  scales  in 
lateral-line  row  pored);  infraorbital  and  supratemporal  canals  un- 

interrupted; prevomer  with  or  without  teeth;  palatine  without  teeth; 
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premaxillary  frenum  present  or  absent;  modally  two  anal  spines,  the 
first  thick  and  stiff;  supraoccipital  unsealed;  flesh  opaque;  nape  fully 
scaled;  breast  partly  scaled  to  unsealed;  breeding  tubercles  absent; 
branchiostegal  membranes  unsealed;  caudal  peduncle  moderate  in 

depth  (mean  depth/ standard  length  =  0.08-0.11);  anal  rays  mod- 
ally  fewer  than  11;  mean  body  depth/ standard  length  more  than 
0.145;  interorbital  moderate  to  wide  (mean  interorbital  width/ head 
width  more  than  0.16);  snout  not  long  in  relation  to  body  depth 

(mean  snout  length/ body  depth  less  than  0.53);  in  females,  second  dor- 
sal fin  not  short  (mean  fin  length/ distance  from  front  of  base  of  sec- 
ond dorsal  fin  to  caudal  base  more  than  0.535);  pelvic  fins  not  short 

(mean  fin  length/  standard  length  more  than  0.16);  gape  not  wide 
in  relation  to  snout  length  (mean  gape  width/ snout  length  less  than 
1.2);  adult  males  average  larger  than  females;  anus  not  surrounded 
by  villi;  genital  papilla  of  breeding  male  not  long  and  tubular;  eggs 
attached  to  plants  (E.  zonale)  or  to  sides  of  rocks  (E.  atripinne,  E. 
coosae,  and  two  undescribed  species). 

Doration  Jordan 

INCLUDED  SPECIES. — E.  stigmaeum,  E.  jessiae.  Doration 
was  diagnosed  as  a  subgenus  of  Eiheostoma  by  Cole  (1967). 

DIAGNOSIS. — First  dorsal  fin  with  blue  marginal  band  and 
well-defined  red  band  (bands  conspicuous  in  large  males);  palatine 
without  teeth;  branchiostegal  membranes  narrowly  joined  across 
isthmus;  genital  papilla  of  breeding  female  long  and  tubular. 

Lateral  line  not  arched  upward  anteriorly,  incomplete  to  com- 
plete (60-100%  scales  in  lateral-line  row  pored);  infraorbital  and 

supratemporal  canals  uninterrupted;  modally  10  preoperculoman- 
dibular  pores;  prevomer  with  teeth;  modally  six  branchiostegal  rays; 
premaxillary  frenum  present  or  absent;  modally  two  anal  spines; 
supraoccipital  unsealed;  flesh  opaque;  nape  fully  to  partly  scaled; 
breast  unsealed  (sometimes  partly  scaled);  breeding  tubercles  on 

body  scales  and  anal  and  pelvic  fins  of  males;  branchiostegal  mem- 
branes unsealed;  caudal  peduncle  narrow  (mean  depth/ standard 

length  less  than  0.08);  anal  rays  modally  fewer  than  11;  mean  body 

depth/ standard  length  more  than  0.145;  interorbital  wide  (mean  in- 
terorbital width/  head  width  more  than  0.22);  snout  not  long  in  rela- 

tion to  body  depth  (mean  snout  length/ body  depth  less  than  0.53);  in 

females,  length  of  second  dorsal  fin  variable  (mean  fin  length/ dis- 
tance from  front  of  base  of  second  dorsal  fin  to  caudal  base  =  0.49- 

0.59);  pelvic  fins  not  short  (mean  fin  length/ standard  length  more 
than  0.16);  gape  not  wide  in  relation  to  snout  length  (mean  gape 
width/ snout  length  less  than  1.2);  adult  males  average  larger  than 
females;  anus  not  surrounded  by  villi;  interpelvic  fin  width/pelvic 
fin  base  length  less  than  0.675;  genital  papilla  of  breeding  male  not 
long  and  tubular;  eggs  buried  in  substrate  (known  for  E.  stigmaeum). 
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Boleosoma  DeKay 

INCLUDED  SPECIES.— E.  olmstedi,  E.  longimanum,  E.  ni- 
grum, E.  perlongum,  E.  podostemone.  Boleosoma  was  diagnosed  as 

a  subgenus  of  Etheostoma  by  Cole  (1967). 

DIAGNOSIS. — Female  with  broad,  flat  bifurcate  genital  papilla 
(Cole,  1967:  fig.  3);  eggs  attached  to  underside  of  stone  or  log 

(known  for  four  of  five  species)  premaxillary  frenum  absent;  inter- 
pelvic  fin  width/pelvic  fin  base  length  more  than  0.675. 

Lateral  line  not  arched  upward  anteriorly,  complete  (95-100% 
scales  in  lateral-line  row  pored);  infraorbital  and  supratemporal 
canals  interrupted  or  uninterrupted;  modally  nine-11  preoperculo- 
mandibular  pores;  prevomer  and  palatine  with  teeth;  modally  six 

branchiostegal  rays;  modally  one  or  two  anal  spines,  thin  and  flex- 
ible; supraoccipital  unsealed;  flesh  opaque;  nape  and  breast  fully 

scaled  to  unsealed;  branchiostegal  membranes  narrowly  to  broadly 
joined  across  isthmus;  breeding  tubercles  absent;  branchiostegal 
membranes  unsealed;  caudal  peduncle  narrow  to  deep  (mean 
depth/ standard  length  less  than  0.08  to  more  than  0.11);  anal  rays 
modally  fewer  than  11;  mean  body  depth/  standard  length  more 
than  0.145;  interorbital  moderate  in  width  (mean  interorbital  width/ 
head  width  between  0.16  and  0.22);  snout  not  long  in  relation  to 
body  depth  (mean  snout  length/ body  depth  less  than  0.53);  in 
females,  second  dorsal  fin  not  short  (mean  fin  length/ distance  from 
front  of  base  of  second  dorsal  fin  to  caudal  base  more  than  0.535); 
pelvic  fins  not  short  (mean  fin  length/ standard  length  more  than 
0.16);  gape  not  wide  in  relation  to  snout  length  (mean  gape  width/ 
snout  length  less  than  1.2);  adult  males  average  larger  than  females; 
anus  not  surrounded  by  villi;  genital  papilla  of  breeding  male  not 
long  and  tubular. 

Ioa  Jordan  and  Brayton 

INCLUDED  SPECIES.— E.  vitreum. 

DIAGNOSIS. — Communal  spawner,  eggs  attached  to  sides  of 
rocks  and  logs;  flesh  translucent  when  alive;  anus  surrounded  by 
villi;  prevomer  without  teeth;  snout  long  in  relation  to  body  depth 
(mean  snout  length/ body  depth  =  0.56);  interorbital  narrow  (mean 
interorbital  width/head  width  =  0.15);  body  flattened  (mean  body 
depth/ standard  length  =  0.14). 

Lateral  line  not  arched  upward  anteriorly,  complete  (95-100% 
scales  in  lateral-line  row  pored);  infraorbital  and  supratemporal 
canal  uninterrupted;  modally  10  preoperculomandibular  pores;  pal- 

atine without  teeth;  modally  six  branchiostegal  rays;  premaxillary 
Frenum  absent;  one  or  two  anal  spines,  thin  and  flexible;  supra- 
occipital  unsealed;  nape  partly  sealed;  breast  unsealed;  branchi- 
OStegal  membranes  narrowly  joined  across  isthmus;  breeding  tuber- 
el.  s   present  on   pectoral   and  pelvic  fins  of  males   and  females; 
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branchiostegal  membranes  unsealed;  caudal  peduncle  narrow  (mean 
depth/ standard  length  less  than  0.08);  anal  rays  modally  fewer  than 
11;  in  females,  second  dorsal  fin  not  short  (mean  fin  length/ distance 
from  front  of  base  of  second  dorsal  fin  to  caudal  base  more  than 

0.535);  pelvic  fins  not  short  (mean  fin  length/ standard  length  more 
than  0.16);  gape  not  wide  in  relation  to  snout  length  (mean  gape 
width/ snout  length  less  than  1.2);  adult  males  average  larger  than 
females;  interpelvic  fin  width/ pelvic  fin  base  length  more  than 
0.675;  genital  papilla  of  breeding  male  not  long  and  tubular,  of 
breeding  female  short  and  villous. 

Vaillantia  Jordan 

INCLUDED  SPECIES. — E.  chlorosomum,  E.  davisoni.  Vail- 
lantia was  diagnosed  as  a  subgenus  of  Etheostoma  by  Cole  (1967). 

DIAGNOSIS. — Preorbital  bars  extend  around  snout  as  contin- 
uous black  bridle;  premaxillary  frenum  absent;  palatine  with  teeth; 

incomplete  lateral  line  (55-65%  scales  in  lateral-line  row  pored); 
second  dorsal  fin  short,  in  females  mean  fin  length/  distance  from 
front  of  base  of  second  dorsal  fin  to  caudal  base  =  0.52. 

Lateral  line  not  arched  upward  anteriorly;  infraorbital  and 
supratemporal  canals  interrupted  or  uninterrupted;  modally  nine  or 
10  preoperculomandibular  pores;  prevomer  with  teeth,  modally  six 

branchiostegal  rays;  one  or  two  anal  spines,  thin  and  flexible;  supra- 
occipital  unsealed;  flesh  opaque  or  semitranslucent  when  alive; 
nape  partly  scaled;  breast  partly  scaled  to  unsealed;  branchiostegal 
membranes  narrowly  to  moderately  joined  across  isthmus;  breeding 

tubercles  absent  or  present  on  anal  and  pelvic  fins  of  male;  branchi- 
ostegal membranes  unsealed;  caudal  peduncle  narrow  (mean  depth/ 

standard  length  less  than  0.08);  anal  rays  modally  fewer  than  11; 
mean  body  depth/ standard  length  more  than  0.145;  interorbital 
wide  (mean  interorbital  width/ head  width  more  than  0.22);  snout 
not  long  in  relation  to  body  depth  (mean  snout  length/ body  depth 
less  than  0.53);  pelvic  fins  not  short  (mean  fin  length/ standard 
length  more  than  0.16);  gape  not  wide  in  relation  to  snout  length 
(mean  gape  width/ snout  length  less  than  1.2);  adult  males  average 
larger  than  females;  anus  not  surrounded  by  villi;  interpelvic  fin 
width/ pelvic  fin  base  length  less  than  0.675;  genital  papilla  of 
breeding  male  not  long  and  tubular,  of  female  villous;  eggs  attached 
to  plants  (known  for  E.  chlorosomum). 

Nothonotus  Putnam 

INCLUDED  SPECIES.— E.  maculatum,  E.  acuticeps,  E.  aquali, 
E.  bellum,  E.  camurum,  E.  chlorobranchium,  E.  jordani,  E.  jidiae, 

E.  microlepidum,  E.  moorei,  E.  rubrum,  E.  rufilineatum,  E.  tippe- 
canoe.  Nothonotus  was  diagnosed  as  a  subgenus  of  Etheostoma  by 
Bailey  (1959)  and  Zorach  (1972). 

DIAGNOSIS.— Sides  of  body  with  thin  alternating  dark  and 
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light  lines  (absent  in  E.  tippecanoe  and  E.  jorclani);  lateral  line 

complete  (95-100%  scales  in  lateral-line  row  pored)  (incomplete  in 
E.  tippecanoe);  branchiostegal  membranes  separate  to  narrowly 
joined  across  isthmus  (broadly  joined  in  E.  juliae);  palatine  with 
teeth;  premaxillary  frenum  present;  breeding  tubercles  absent; 
modally  10  preoperculomandibular  pores;  breast  unsealed. 

Lateral  line  not  arched  upward  anteriorly;  infraorbital  and 
supratemporal  canals  uninterrupted;  prevomer  with  teeth;  modally 
six  branchiostegal  rays;  modally  two  anal  spines,  the  first  thick  and 
stiff;  supraoccipital  unsealed;  flesh  opaque;  nape  fully  scaled  (in  E. 
juliae)  to  unsealed;  branchiostegal  membranes  unsealed;  caudal 
peduncle  deep  (mean  depth/ standard  length  more  than  0.11);  anal 
rays  modally  fewer  than  11;  mean  body  depth/ standard  length 
more  than  0.145;  interorbital  wide  (mean  interorbital  width/ head 
width  more  than  0.22);  snout  not  long  in  relation  to  body  depth 
(mean  snout  length/body  depth  less  than  0.53);  in  females,  second 
dorsal  fin  not  short  (mean  fin  length/ distance  from  front  of  base  of 
second  dorsal  fin  to  caudal  base  more  than  0.535);  pelvic  fins  not 
short  (mean  fin  length/ standard  length  more  than  0.16);  gape  not 
wide  in  relation  to  snout  length  (mean  gape  width/ snout  length 
less  than  1.2);  adult  males  average  larger  than  females;  anus  not 
surrounded  by  villi;  interpelvic  fin  width/ pelvic  fin  base  length  less 
than  0.675;  genital  papilla  of  breeding  male  not  long  and  tubular, 
of  female  short  and  conical  or  flat  and  broad  but  not  bilobed;  eggs 

buried  in  substrate  (known  for  three  species)  or  attached  to  under- 
side of  stone  (E.  maculatum). 

Fuscatelum,  new  subgenus 

TYPE  SPECIES. — Etheostoma  parvipinne  Gilbert  and  Swain 
1887. 

INCLUDED  SPECIES. — E.  parvipinne.  This  species  was  for- 
merly in  the  subgenus  OUgOCephalus.  The  name,  Fuscatelum  (dark- 

colored  dart),  emphasizes  the  absence  of  bright  colors. 

DIAGNOSIS. — No  bright  colors  (red,  blue,  green  or  yellow)  on 
body  or  fins;  premaxillary  frenum  present;  breeding  tubercles  pres- 

ent on  anal  fin  of  male. 

Lateral  line  not  arched  upward  anteriorly,  incomplete  (90% 
scales  in   lateral-line  row  pored);   infraorbital  canal  uninterrupted; 
supratemporal  canal  interrupted;  modally  10  preoperculomandibu- 

lar pores;  prevomer  and  palatine  with  teeth;  modally  six  branchi- 
ostegal rays;  modally  two  anal  spines;  snpraoceipital  unsealed;  flesh 

Opaque;  nape  fully  sealed;  breast  fully  to  partly  scaled;  branchi- 

ostegal membranes  moderately  joined  across  isthmus;  braneln'ostegal 
membranes  Unsealed;  caudal  peduncle  deep  (mean  depth/standard 
length  more  than  0.11);  anal  rays  modally  fewer  than  11;  mean 
body   depth/standard    length    more    than    0.145;    interorbital   wide 
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(mean  interorbital  width/ head  width  more  than  0.22);  snout  not 
long  in  relation  to  body  depth  (mean  snout  length/ body  depth  less 
than  0.53 ) ;  in  females,  second  dorsal  fin  not  short  ( mean  fin  length/ 
distance  from  front  of  base  of  second  dorsal  fin  to  caudal  base  more 

than  0.535);  pelvic  fins  not  short  (mean  fin  length/ standard  length 
more  than  0.16);  gape  not  wide  in  relation  to  snout  length  (mean 
gape  width/ snout  length  less  than  1.2);  anus  not  surrounded  by 
villi;  interpelvic  fin  width/ pelvic  fin  base  length  less  than  0.675; 
genital  papilla  of  breeding  male  not  long  and  tubular,  of  female 
conical;  egg  deposition  site  unknown. 

Belophlox  Fowler 

INCLUDED  SPECIES. — E.  mariae,  E.  fricksium,  E.  okaloosae. 
These  species  were  formerly  in  the  subgenera  Oligocephalus  and 
Villora. 

DIAGNOSIS. — Lateral  line  complete  or  nearly  complete  (95- 
100%  scales  in  lateral-line  row  pored ) ;  side  of  body  with  broad  dark 
stripe  (usually  weakly  developed  in  E.  okaloosae)  and  contrasting 
light  lateral  line;  first  dorsal  fin  with  red  margin  (or  submargin); 
palatine  with  teeth. 

Lateral  line  not  arched  upward  anteriorly;  infraorbital  and 

supratemporal  canals  uninterrupted;  modally  nine  or  10  preoper- 
culomandibular  pores;  prevomer  with  teeth;  modally  six  branchi- 
ostegal  rays;  premaxillary  frenum  present;  modally  two  anal  spines; 
supraoccipital  unsealed;  flesh  opaque;  nape  partly  to  fully  scaled; 
breast  unsealed  to  fully  scaled;  branchiostegal  membranes  narrowly 

to  broadly  joined  across  isthmus;  breeding  tubercles  absent  or  pres- 
ent on  anal  fin  of  male;  branchiostegal  membranes  unsealed;  caudal 

peduncle  moderate  (mean  depth/ standard  length  —  0.08-0.11); 
anal  rays  modally  fewer  than  11;  mean  body  depth/ standard  length 
more  than  0.145;  interorbital  wide  (mean  interorbital  width/ head 
width  more  than  0.22);  snout  not  long  in  relation  to  body  depth 
(mean  snout  length/ body  depth  less  than  0.53);  in  females,  second 
dorsal  fin  not  short  (mean  fin  length/ distance  from  front  of  base  of 
second  dorsal  fin  to  caudal  base  more  than  0.535);  pelvic  fins  not 
short  (mean  fin  length/standard  length  more  than  0.16);  gape  not 
wide  in  relation  to  snout  length  (mean  gape  width/ snout  length 
less  than  1.2);  adult  males  average  larger  than  females;  anus  not 
surrounded  by  villi;  narrow  interpelvic  width  (mean  width/pelvic 
fin  base  length  =  0.27-0.46);  genital  papilla  of  breeding  male  not 
long  and  tubular,  of  female  conical  to  tubular;  eggs  attached  to 
plants  (E.  okaloosae). 

Villora  Hubbs  and  Cannon 

INCLUDED  SPECIES.— E.  edwini.    Villora  as  a  subgenus  of 
Etheostoma  containing  E.  edivini  and  E.  okaloosae  was  diagnosed 
by  Collette  and  Yerger  ( 1962). 



38  OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

DIAGNOSIS. — Lateral  line  distinctly  arched  upward  anteriorly; 
adult  males  average  larger  than  females;  breeding  male  with  two  to 
four  rows  of  red  spots  in  first  dorsal  fin  and  red  spots  scattered  over 
side  of  body;  nape  fully  scaled. 

Lateral  line  incomplete  (65%  scales  in  lateral-line  row  pored); 
infraorbital  and  supratemporal  canals  uninterrupted;  modally  10 
preoperculomandibular  pores;  prevomer  and  palatine  with  teeth; 

modally  six  branchiostegal  rays;  premaxillary  frenum  present;  mod- 
ally  two  anal  spines,  first  thicker  than  second;  supraoccipital  un- 

sealed; flesh  opaque;  breast  partly  to  fully  scaled;  branchiostegal 
membranes  separate  to  narrowly  joined  across  isthmus;  breeding 

tubercles  absent;  branchiostegal  membranes  unsealed;  caudal  pe- 
duncle moderate  (mean  depth/ standard  length  =  0.08-0.11);  anal 

rays  modally  fewer  than  11;  mean  body  depth/ standard  length 
more  than  0.145;  interorbital  wide  (mean  interorbital  width/head 
width  more  than  0.22);  snout  not  long  in  relation  to  body  depth 
(mean  snout  length/body  depth  less  than  0.53);  in  females,  second 
dorsal  fin  not  short  (mean  fin  length/ distance  from  front  of  base  of 
second  dorsal  fin  to  caudal  base  more  than  0.535);  pelvic  fins  not 
short  (mean  fin  length/ standard  length  more  than  0.16);  gape  not 
wide  in  relation  to  snout  length  (mean  gape  width/ snout  length 
less  than  1.2);  anus  not  surrounded  by  villi;  interpelvic  fin  width/ 
pelvic  fin  base  length  less  than  0.675;  genital  papilla  of  breeding 
male  not  long  and  tubular,  of  female  a  short  cone;  eggs  attached 
to  plants. 

Ozarka  Williams  and  Robison 

INCLUDED  SPECIES. — E.  punctulatum,  E.  boschungi,  E.  cra- 
gini,  E.  paUididorsutn,  E.  trisella.  These  species  were  formerly  in 
the  subgenera  Oligocephalus  and  Psychromaster. 

DIAGNOSIS. — Bright  yellow-orange  venter  and  margin  (or  sub- 
margin)  of  first  dorsal  fin  of  breeding  male;  supratemporal  canal 
interrupted  (uninterrupted  in  E.  trisella);  side  of  body  mottled  or 
speckled,  without  vertical  bars;  breast  unsealed. 

Lateral  line  not  arched  upward  anteriorly,  incomplete  (25-75% 
scales  in  lateral-line  row  pored)  except  in  E.  trisella  which  has  com- 

plete lateral  line  ( 100%  pored);  infraorbital  canal  uninterrupted; 
modally  10  preoperculomandibular  pores;  prevomer  and  palatine 
with  teeth;  modally  six  branchiostegal  rays;  premaxillary  frenum 
present;  modally  two  anal  spines  (one  in  E.  trisella);  supraoccipital 
unsealed;  flesh  opaque;  nape  fully  to  partly  scaled;  branchiostegal 
membranes  narrowly  to  moderately  joined  across  isthmus;  breeding 
tubercles    present   on    anal    and   pelvic   fins   of    male    (absent   in   E. 
trisella);  branchiostegal  membranes  unsealed;  caudal  peduncle 
moderate  to  deep  (mean  depth/standard  length  more  than  0.08); 
anal  rays  modally  fewer  than  11;  mean  body  depth/ standard  length 



THE  GENERA  AND  SUBGENERA  OF  DARTERS        39 

more  than  0.145;  interorbital  wide  (mean  interorbital  width/ head 
width  more  than  0.22);  snout  not  long  in  relation  to  body  depth 
(mean  snout  length/ body  depth  less  than  0.53);  in  females,  second  dor- 

sal fin  not  short  (mean  fin  length/  distance  from  front  of  base  of  sec- 
ond dorsal  fin  to  caudal  base  more  than  0.535 ) ;  pelvic  fins  not  short 

(mean  fin  length/ standard  length  more  than  0.16);  gape  not  wide 
in  relation  to  snout  length  (mean  gape  width/ snout  length  less  than 
1.2);  adult  females  average  larger  than  males  (?,  known  only  for 
E.  pallididorsum) ;  anus  not  surrounded  by  villi;  interpelvic  fin 
width/ pelvic  fin  base  length  less  than  0.675;  genital  papilla  of 
breeding  male  not  long  and  tubular,  of  female  tubular;  eggs  laid  on 
vegetation  in  seepage  water  (known  for  E.  boschungi  and  E.  trisella). 

Oligocephalus  Girard 

INCLUDED  SPECIES. — E.  lepidum,  E.  asprigene,  E.  australe, 
E.  caeruleum,  E.  collettei,  E.  ditrema,  E.  grahami,  E.  hopkinsi,  E. 
luteovinctum,  E.  nuchale,  E.  pottsi,  E.  radiosum,  E.  spectabile,  E. 
swaini,  E.  whipplei.  Oligocephalus,  as  a  subgenus  of  Etheostoma 
containing  several  species  in  addition  to  those  above  but  not  E. 
australe,  was  diagnosed  by  Bailey  and  Richards  (1963). 

DIAGNOSIS. — First  dorsal  fin  with  blue  (green  in  E.  lepidum 
and  E.  hopkinsi)  marginal  band  and  well-defined  red  band  (bands 
conspicuous  in  large  males),  except  in  E.  graliami  and  E.  pottsi; 
prevomer  and  palatine  with  teeth;  adult  males  average  larger  than 
females. 

Lateral  line  not  arched  upward  anteriorly,  incomplete  (40-90% 
scales  in  lateral-line  row  pored);  infraorbital  and  supratemporal 
canals  uninterrupted  or  interrupted;  modally  10  preoperculoman- 
dibular  pores;  modally  six  branchiostegal  rays;  premaxillary  frenum 
present;  modally  two  anal  spines  (one  in  E.  australe);  supraoccipital 
unsealed;  flesh  opaque;  nape  and  breast  fully  scaled  to  unsealed; 
branchiostegal  membranes  narrowly  to  moderately  joined  across 
isthmus;  breeding  tubercles  absent  or  present  on  body  scales  and/ or 
fins  of  male;  branchiostegal  membranes  unsealed;  caudal  peduncle 
moderate  to  deep  (mean  depth/ standard  length  more  than  0.08); 
anal  rays  modally  fewer  than  11;  mean  body  depth/ standard  length 
more  than  0.145;  interorbital  wide  (mean  interorbital  width/ head 
width  more  than  0.22);  snout  not  long  in  relation  to  body  depth 
(mean  snout  length/ body  depth  less  than  0.53);  in  females,  second 
dorsal  fin  not  short  (mean  fin  length/ distance  from  front  of  base  of 
second  dorsal  fin  to  caudal  base  more  than  0.535);  pelvic  fins  not 
short  (mean  fin  length/ standard  length  more  than  0.16);  gape  not 
wide  in  relation  to  snout  length  (mean  gape  width/ snout  length 
less  than  1.2);  anus  not  surrounded  by  villi;  interpelvic  fin  width/ 
pelvic  fin  base  length  less  than  0.675;  genital  papilla  of  breeding 
male  not  long  and  tubular,  of  female  tubular  or  conical;  eggs  buried 
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in  substrate  (known  for  three  species)  or  attached  to  plants  (E. 
lepidum  and  E.  grahami). 

Catonotus  Agassiz 

INCLUDED  SPECIES.— E.  flabellare,  E.  barbouri,  E.  kenni- 
cotti,  E.  ncopterum,  E.  obeyense,  E.  olivaceum,  E.  smithi,  E.  squa- 
miceps,  E.  striatulum,  E.  virgatum.  Catonotus,  as  a  subgenus  of 

Etheostoma,  was  diagnosed  by  Kuehne  and  Small  ( 1971);  that  diag- 
nosis was  modified  by  Braasch  and  Page  (1979). 

DIAGNOSIS.— Genital  papilla  of  female  broad  and  flat,  not 
bifurcate;  eggs  attached  to  underside  of  stone  (known  for  nine 
species);  supra  temporal  canal  interrupted  (except  in  occasional  E. 
flabellare ) . 

Lateral  line  not  arched  upward  anteriorly,  incomplete  ( 10-75% 
scales  in  lateral-line  row  pored);  infraorbital  canal  interrupted  (un- 

interrupted in  £.  neopterum  and  E.  olivaceum);  modally  nine  or 
10  preoperculomandibular  pores;  prevomer  and  palatine  with  teeth; 

modally  six  branchiostegal  rays;  premaxillary  frenum  present;  mod- 
ally  two  anal  spines;  supraoccipital  unsealed;  flesh  opaque;  nape 
and  breast  fully  scaled  to  unsealed;  branchiostegal  membranes  sep- 

arate to  broadly  joined  across  isthmus;  breeding  tubercles  absent; 
branchiostegal  membranes  unsealed;  caudal  peduncle  moderate  to 
deep  (mean  depth/ standard  length  more  than  0.08);  anal  rays 
modally  fewer  than  11;  mean  body  depth/ standard  length  more 
than  0.145;  interorbital  wide  (mean  interorbital  width/head  width 
more  than  0.22);  snout  not  long  in  relation  to  body  depth  (mean 
snout  length/ body  depth  less  than  0.53);  in  females,  second  dorsal 
fin  not  short  (mean  fin  length/ distance  from  front  of  base  of  second 
dorsal  fin  to  caudal  base  more  than  0.535);  pelvic  fins  not  short 
(mean  fin  length/ standard  length  more  than  0.16);  gape  not  wide 
in  relation  to  snout  length  (mean  gape  width/ snout  length  less  than 
1.2);  adult  males  average  larger  than  females;  anus  surrounded  by 
villi;  interpelvic  fin  width/pelvic  fin  base  length  less  than  0.675; 
genital  papilla  of  breeding  male  not  long  and  tubular. 

Boleichthys  Girard 

INCLUDED  SPECIES.— E.  exile,  E.  collis,  E.  fonticola,  E.  fust- 
forme,  E.  gracile,  E.  microperca,  E.  proeliare,  E.  saludae,  E.  serri- 
ferum,  E.  zoniferum.  These  species  were  formerly  in  the  subgenera 
Hololepis  (diagnosed  as  a  subgenus  of  Etheostoma  by  Collette, 
L962),  Microperca  (diagnosed  as  a  subgenus  of  Etheostoma  by 
Burr,  197S)  and  OligOCephalus. 

DIAGNOSIS. — Lateral  line  distinctly  arched  upward  anteriorly 

or  absent  (not  always  arched  in  /'.'.  exile);  adult  females  average larger  than  males. 

Lateral  line  incomplete  (0-6551  scales  in  Lateral-line  row  pored); 
infraorbital  canal  interrupted  or  uninterrupted;  supratemporal  canal 
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interrupted  or  uninterrupted;  mo-dally  six- 10  preoperculomandibu- 
lar  pores;  prevomer  and  palatine  with  teeth;  modally  six  branchi- 
ostegal  rays  (five  in  E.  microperca) ;  premaxillary  frenum  present; 

one  or  two  anal  spines  (one  in  E.  proeliare  and  E.  fonticola);  supra- 
occipital  region  unsealed  to  scaled;  flesh  opaque;  nape  fully  scaled 

to  unsealed;  breast  fully  scaled  to  unsealed;  branchiostegal  mem- 
branes narrowly  to  moderately  joined;  breeding  tubercles  present 

on  anal  and  pelvic  fins  of  male  ( absent  in  E.  exile ) ;  branchiostegal 
membranes  unsealed;  caudal  peduncle  moderate  in  depth  (mean 

depth/  standard  length  =  0.08-0.11);  anal  rays  modally  fewer  than 
11;  mean  body  depth/ standard  length  more  than  0.145;  interorbital 
wide  (mean  interorbital  width/ head  width  more  than  0.22;  snout 
not  long  in  relation  to  body  depth  (mean  snout  length/ body  depth 
less  than  0.53);  in  females,  second  dorsal  fin  not  short  (mean  fin 
length/ distance  from  front  of  base  of  second  dorsal  fin  to  caudal 
base  more  than  0.535);  pelvic  fins  not  short  (mean  fin  length/ 
standard  length  more  than  0.16);  gape  not  wide  in  relation  to  snout 
length  (mean  gape  width/ snout  length  less  than  1.2);  anus  not 
surrounded  by  villi;  interpelvic  fin  width/ pelvic  fin  base  length  less 
than  0.675;  genital  papilla  of  breeding  male  not  long  and  tubular, 
of  breeding  female  conical,  tubular  or  bilobed  (but  not  flat  and 
broad  as  in  Boleosoma) ;  eggs  attached  to  plants  (known  for  six  of 
10  species ) . 

PHYLOGENY 

The  modified  midventral  scales  of  Percina  are  a  derived  charac- 
teristic setting  apart  all  species  in  that  genus  from  those  in  other 

darter  genera.  Although  modified  scales  theoretically  could  have 

originated  more  than  once  among  darters,  the  concurrence  in  dis- 

tribution among  darters  of  the  modified  scales  and  the  "Percina 
mobility"  of  the  LDH  B4  isozyme  establishes  beyond  reasonable 
doubt  that  Percina  is  monophyletic  (Page  and  Whitt,  1973b). 

Ammocrypta  and  Etheostoma  are  not  as  easily  diagnosed  from 
one  another  as  they  are  from  Percina  and  the  species  from  both 
genera  could  be  included  in  one  genus  [rejecting  the  suggestion  of 
Williams  (1975)  that  Ammocrypta  is  derived  from  the  subgenus 

Imostoma  of  Percina].  However,  assuming  that  Ammocrypta  di- 
verged from  Etheostoma  prior  to  diversification  within  Etheostoma 

the  recognition  of  Ammocrypta  is  satisfactory. 

It  is  within  Etheostoma  that  phylogenetic  relationships  are  diffi- 
cult to  decipher.  However,  the  subgeneric  names  presumably  label 

the  major  avenues  of  diversification  and  certain  characteristics  pro- 
vide some  additional  information  on  intersubgeneric  relationships. 

Five  major  divisions  can  be  recognized  within  Etheostoma:  (1) 

Boleichthys  (and  perhaps  Villora),  (2)  Psychromaster,  (3)  Lito- 
cara,  (4)  Etheostoma,  Nanostoma,  Doration,  Boleosoma,  loa,  Vail- 
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Jontia  (and  perhaps  AUohistium) ,  (5)  Nothonotus,  Fuscatelum, 
Belophlox,  Ozarka,  Oligocephalus,  Catonotus  (and  perhaps  Villora 
and  AUohistium). 

Boleichthys  is  set  apart  from  all  other  subgenera  by  the  combi- 
nation of  an  arched  lateral  line  (shared  with  Villora)  and  females 

which  average  larger  than  males.  The  serrae  on  the  margin  of  the 
preopercle  of  E.  (Boleichthys)  serriferum  and  some  individuals  of 
E.  (B.)  fusiforme,  E.  (B.)  collis  (Collette,  1962)  and  E.  (B.)  proeliare 
(Burr,  1978)  are  essentially  identical  to  the  serrae  of  Hadropterus, 
the  primitive  subgenus  of  Percina,  and  of  Perca  and  Stizostedion. 
Other  species  have  crenulate  margins  on  the  preopercle  but  among 
Etheostoma  only  species  of  Boleichthys  have  serrae.  The  presence 
of  this  plesiomorphous  characteristic  suggests  that  E.  serriferum,  as 
the  most  primitive  species  of  Boleichthys,  is  near  the  origin  of  an 
early  phyletic  line,  and  it  is  not  likely  that  Boleichthys  descended 
from  any  other  extant  group  of  Etheostoma.  It  is  remarkable  that 
Boleichthys  contains  what  appears  to  be  one  of  the  most  primitive 
species  of  Etheostoma,  serriferum,  and  one  considered  to  be  the 
most  highly  evolved,  microperca  (Bailey  and  Gosline,  1955;  Burr, 
1978). 

E.  (Psychramaster)  tuscumhia  is  the  only  species  in  Etheostoma 
in  which  scales  are  present  on  the  branchiostegal  membranes  and  in 
which  the  breeding  male  has  a  long  tubular  genital  papilla. 

E.  (Litocara)  nianguae  and  sagitta  share  a  distinctive  physiog- 
nomy ( long  head  and  snout,  fusif orm  body )  and  color  pattern  (two 

vertically  aligned  jet-black  spots  on  the  caudal  peduncle,  large 
U-marks  on  the  side  of  the  body),  and  are  the  only  species  of 
Etheostoma  modally  to  have  more  than  10  anal  rays. 

Boleosoma,  loa  and  Vaillantia  share  a  tendency  toward  reduc- 
tion to  one  anal  spine  and  have  similar  pigmentation.  These  three 

subgenera,  and  Etheostoma,  Nanostoma  and  Doration  share  the 
tendency  toward  reduction  and  loss  of  the  premaxillary  frenum. 
They  and  AUohistium  contain  the  only  species  of  darters  to  have 
lost  the  palatine  teeth. 

The  remaining  subgenera  (Nothonotus,  Fuscatelum,  Belophlox, 
Ozarka,  Oligocephalus,  Catonotus  and  perhaps  Villora)  are  highly 
evolved.  They  may  be  interrelated  to  one  another  or  they  may  be 

|)ol\  phyletic.  Several  of  the  advanced  subgenera  have  breeding 
tubercles  (Collette,  1965)  and  reductions  in  the  lateralis  system 

(Page,  1977);  however,  these  characteristics  have  evolved  independ- 
ently among  darters  many  times  and  impart  little  information  about 

Lntersubgeneric  relationships.  Further  elucidation  of  relationships 
among  darters  must  await  the  accumulation  of  data  beyond  those 

presently  available. 
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SUMMARY 

In  Bailey's  classification  of  darters  (Bailey  and  Gosline,  1955), 
three  genera  and  22  subgenera  (eight  in  Percina,  two  in  Ammo- 
crypta,  and  12  in  Etheostoma)  were  recognized.  Since  1955  one 
additional  subgenus  has  been  recognized  in  Percina  (Page,  1974) 
and  five  additional  subgenera  have  been  recognized  in  Etheostoma 
(Collette  and  Yerger,  1962;  Cole,  1967;  Page  and  Whitt,  1973a; 
Williams  and  Robison,  1980)  (Table  1). 

In  the  present  study,  phenetic  and  cladistic  procedures  were 
used  to  examine  relationships  among  142  species  of  darters.  Among 

the  procedures  used,  UPGMA — correlation  coefficient  clustered  the 

OTU's  well  (i.e.  formed  large  clusters  of  small  clusters)  and  gave 
results  most  congruent  with  the  existing  classification.  Other  meth- 

ods were  less  satisfactory.  Phenograms  and  cladograms  were  com- 
pared to  the  existing  classification  of  darters  and  discordances  were 

considered  potential  errors  in  classification  and  subjected  to  further 
analysis. 

The  three-genus  classification  of  darters  was  supported.  The 
following  changes  were  made  in  the  subgeneric  classification  of 
Etheostoma. 

1.  Nanostoma  was  recognized  as  a  subgenus  for  E.  zonale. 
2.  Ulocentra  was  synonymized  with  Nanostoma. 
3.  E.  juliae,  formerly  in  Oligocephalus,  was  transferred  to 

Nothonotus. 

4.  Villora  was  reduced  to  a  monotypic  subgenus  containing  E. 
edwini. 

5.  Fuscatelum,  new  subgenus,  was  described  for  E.  parvipinne. 
6.  Belophlox  was  recognized  as  a  subgenus  for  E.  mariae,  E. 

fricksium  and  E.  okaloosae. 
7.  Austroperca  was  synonymized  with  Oligocephalus. 
8.  Boleichthys  was  recognized  as  a  subgenus  for  E.  exile. 

9.  Hololepis  and  Microperca  were  synonymized  with  Bo- 
leichthys. 

The  three  genera  and  all  subgenera  for  which  adequate  diag- 
noses have  not  been  published  were  diagnosed.  Phylogenetic  re- 

lationships among  the  genera  of  darters  and  among  the  subgenera 
of  Etheostoma  were  discussed. 
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APPENDIX  A.— SPECIMENS  EXAMINED 

To  obtain  data  for  the  numerical  analysis  1,379  specimens  representing 
142  species  were  examined.  The  number  of  specimens  per  species  ranged  from 
6  to  10  and  averaged  9.7. 

The  following  specimens  were  examined.  Institution  acronyms  are  identi- 
fied in  the  acknowledgements.  Numbers  in  parentheses  are  numbers  of  speci- 

mens examined.    Locality  data  are  available  from  the  author. 

Percina  antesella:  UT  91.471  (10);  P.  aurantiaca:  UT  91.503  (4),  91.502 
(6);  P.  aurolineata:  TU  37676  (4),  40800  (2),  38197  (2);  P.  burtoni:  TU 

71983   (2),  72133   (1),  89496   (1),  REJ— Copper  Creek   (6);  P.  caprodes: 
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INHS  75649  (10);  P.  carhonaria:  TU  27454  (8);  P.  copelandi:  INHS  75555 
(10);  P.  crassa:  INHS  75880  (6),  NCMNH  3010  (4);  P.  cymatotaenia:  INHS 
75290  (10);  P.  evides:  INHS  76728  (3),  76706  (7);  P.  lenticula:  TU  60556 
(2),  59560  (2),  58807  (3),  53715  (3);  P.  macrocephala:  INHS  76641  (9), 
UMMZ  86386  (1);  P.  macrolepida:  INHS  74774  (3),  TU  64393  (2),  67567 
(5);  P.  maculata:  INHS  8541  (10);  P.  nasuta:  OAM  4586  (2),  4843  (1), 
UTULSAC— Lee  Creek  (2),  INHS  74993  (1),  TU  72243  (4);  P.  nigrofasciata: 
INHS  74811  (2),  74800  (2),  76789  (3),  74816  (3);  P.  notogramma:  USNM 
107746  (10);  P.  ouachitae:  INHS  76753  (8),  76766  (2),  P.  oxyrhyncha: 
UMMZ  17663  (6);  P.  palmaris:  INHS  76305  (5),  76808  (2),  76806  (2), 
76790  (1);  P.  pantherina:  UTULSAC— Little  River  (6),  Mountain  Fork  (1), 
Sixmile  Creek  (1),  OAM  2559  (1);  P.  pcltata:  INHS  76809  (3),  UMMZ 
147594  (7);  P.  phoxocephaJa:  INHS  26922  (10);  P.  rex:  REJ— South  Fork 
Roanoke  R.  (10);  P.  roanoka:  INHS  75884  (10);  P.  sciera:  INHS  26923 
(10);  P.  shumardi:  INHS  76783  (10);  P.  squamata:  INHS  76768  (10);  P. 
tonast:  INHS  75000  (5),  TU  99120  (3);  P.  uranidea:  TU  66011  (10);  P. 
(AZcordit/s)  species  (Conasauga  River):  UT  91.501  (7),  INHS  76807  (1), 
76788  (2);  P.  (Cottogaster)  species  (Pearl  River):  TU  17732  (8);  P. 
(Odontopholis)  species  (Barren  River):  INHS  76784  (10);  P.  (Percina)  species 
(Conasauga  River):  TU  18369  (2),  69140  (5);  Ammocrypta  asprella:  INHS 
74792  (10);  A.  beani:  UMMZ  170650  (10);  A.  bifascia:  INHS  74773  (9); 
A.  clara:  INHS  13390  (10);  A.  meridiana:  UMMZ  197722  (10);  A.  pellucida: 
INHS  17061  (4),  26929  (2),  16819  (2),  16794  (2);  A.  weax:  INHS  74946 
(6),  74618  (4);  Etheostoma  acuticeps:  INHS  75149  (9);  E.  asprigene:  INHS 
6116  (10);  E.  atripinne:  INHS  74923  (10);  E.  australe:  UMMZ  182378 
(10);  E.  barbouri:  INHS  74894  (7),  74906  (3);  E.  M/mm  INHS  74865  (4), 

74850  (3),  74878  (3);  E.  blennioides:  INHS  74837  (10  V  E.  b^n«.',„; 
UMMZ  168121  (10);  E.  boschungi:  UMMZ  197692  (2),  197693  (2),  197691 
(3);  E.  caeruleum:  INHS  7205  (10);  E.  camurum:  INHS  11816  (6),  11898 
(2),  11815  (2);  E.  chlowbranchium:  TU  96323  (10);  E.  chlorosomum:  INHS 
74818  (10);  E.  cinereum:  UMMZ  171557  (5),  175061  (3),  171590  (2);  E. 
collettei:  INHS  76594  (10);  E.  coBts:  TU  71881  (7);  E.  coosae:  UMMZ 
190910  (10);  E.  cratfini:  INHS  74817  (10);  E.  dflcisoni:  TU  83098  (10);  E. 
ditrema:  UMMZ  187501  (5),  TU  32762  (3);  E.  duryi:  INHS  77542  (10); 
E.  edwini:  INHS  74698  (8),  76375  (1);  E.  efclfel*  TU  83149  (8);  E.  <?u- 
:mn/»i:  UMMZ  124595  (8);  E.  erife:  INHS  26934  (10);  E.  jiabellare:  INHS 
22414  (10);  E.  fonticola:  INHS  75562  (10);  E.  fricksium:  TU  97596  (10); 
E.  fusiforme:  INHS  74269  (10);  E.  graci7t\-  INHS  26933  (10);  E.  grahami: 
USNM  189023  (10);  E.  /m/no:  INHS  9617  (4),  16735  (6);  E.  hopkinsi: 

TU  39482  (10);  E.  trucriptum:  INHS  74495  (10);  /•:.  fessiae:  TU  34964 
(10);  E.  fordani:  I.MIS  74586  (10);  E.  juliae:  INHS  74214  (4),  74228  (2), 
74247  (4);  E.  kanfaohae:  UMMZ  L69360  (10);  E.  kcimicoiii:  INHS  1592 
(10);  E.  lepidum:  INHS  75087  (10);  E.  tongftnonum:  USNM  162877  (10); 
E.  luteovinctum:  IMIS  74559  (7),  74566  (2),  74579  (1);  E.  muculalum: 
INHS  71500  (10);  E.  nwricc;  IMIS  75194  (0);  E  microlepidum:  UMMZ 

L68392  (10);  E.  microperca:  IMIS  1760  (10);  /•:.  /mum'/.-  UMMZ  181397 
(10);  /•:.  neopterum:  IMIS  74278  (10);  E.  nianguae:  INHS  71395  (4), 
74397  (3),  71398  (2);  E.  rrfgruro;  IMIS  12873  (10);  E.  nuchale:  USNM 
217850  (  10);  /•;.  obeyerue:  USNM  201315  ( 10);  E.  okahosae:  UMMZ  178859 
(8),  IMIS  71088  (2);  E.  oltVOCeum:  IMIS  75870  (2),  75878  (8);  E.  <>/;n- 
stedi:  IMIS  71513  (10);  E.  oshumii  UMMZ  105712  (9);  E.  pallididorsum: 
KU  0021  (10);  E.  parxipinnr.  IMIS  7  15  11  (10);  E.  pnhmgum:  UMMZ 

138476  (10);  /:.  podostemone:  USNM  102031  (10);  E.  /h>h.vj:  INHS  75300 
M0),  E.  proeliare:  IMIS  1358  (10);  E.  punctulatum:  UMMZ  137836  (10); 

/•-'.  radtosvm:    I.MIS  70580  (8),  70438  (2);  E  nibrum:    INHS  74325  (9);  E. 
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rufilineatum:  INHS  74309  (10);  E.  rupestre:  INHS  76339  (10);  E.  sagitta: 
UL  5566  (10);  E.  saludae:  USNM  196377  (10);  E.  sellare:  USNM  212147 
(10);  E.  serriferum:  UMMZ  175866  (7),  INHS  74361  (2);  E.  simoterum: 
INHS  74300  (10);  E.  sm/tfu:  INHS  75017  (10);  E.  spectabile:  INHS  22556 
(10);  E.  squamiceps:  INHS  26936  (10);  E.  stigmaeum:  INHS  74292  (10); 

E.  striatulum:  INHS  75037  (10);  E.  sojomi;  INHS  74378  (10);  E.  su;am?a- 
noa:  UMMZ  156073  (10);  E.  tetrazonum:  INHS  76732  (10);  E.  thalassinum: 
INHS  74367  (2),  74735  (3),  UMMZ  183619  (5);  E.  tippecanoe:  INHS  74280 

(10);  E.  trisella:  TU  58963  (10);  E.  tuscumbia:  USNM  217855  (9);  E.  vari- 
afum:  UL  12459  (10);  E.  virgatum:  NLU  10837  (10);  E.  vitreum:  INHS 
74355  (10);  E.  whipplei:  UMMZ  177160  (9);  E.  zonaZe:  INHS  76727  (10); 
E.  zoniferum:  TU  98971  (10);  E.  (Catonotus)  species  (Copper  Creek,  Scott 
Co.,  VA):  TU  71976  (10);  E.  (Doration)  species  (Caney  Fork):  UMMZ 
187465  (10);  E.  (Nanostoma)  species  1  (Barren  River):  UMMZ  177622  (10); 
E.  (N.)  species  2  (Kentucky  River):  UMMZ  177854  (10);  E.  (TV.)  species  3 
(Forked  Deer  River):  UMMZ  177684  (8);  E.  (N.)  species  4  (Sycamore  Creek, 
Benton  Co.,  TN):  INHS  74279  (10);  E.  (N.)  species  5  (Tallapoosa  River): 
UMMZ  177758  (10);  E.  (N.)  species  6  (Cumberland  River):  UMMZ  175042 
(10);  E.  (N.)  species  7  (Green  River):  UMMZ  177559  (10);  E.  (N.)  species 
8  (Black  Warrior  River):  UAIC  3804  (10);  E.  (N.)  species  9  (Cahaba 
River):    UMMZ  168646  (10). 

APPENDIX  B.— CHARACTERS  USED  IN  NUMERICAL  ANALYSIS 

Character  1. — Number  of  modified  scales  in  single  midbelly  row  from  anus 
to  pelvic  fins  ( males ) . 

Character  2. — Number  of  lateral  scales  (in  row  from  opercle  to  end  of 
hypural  plate ) . 

Character  3. — Percent  of  scales  in  lateral-line  row  that  are  pored. 
Character  4. — Number  of  scale  rows  above  lateral  line  (or  above  mid- 

lateral  row  of  scales  if  line  absent). 

Character  5. — Number  of  scale  rows  below  lateral  line  (or  below  mid- 
lateral  row  of  scales  if  line  absent). 

Character  6. — Number  of  scale  rows  around  caudal  peduncle. 
Character  7. — Number  of  pored  scales  on  caudal  fin. 
Character  8. — Number  of  spines  in  first  dorsal  fin. 
Character  9. — Number  of  rays  in  second  dorsal  fin. 
Character  10. — Number  of  spines  in  anal  fin. 
Character  11. — Number  of  rays  in  anal  fin. 
Character  12. — Number  of  rays  in  pectoral  fin. 
Character  13. — Number  of  transverse  scale  rows  (from  anal  fin  origin  an- 

terodorsally  to  first  dorsal  fin). 

Character  14. — Modal  number  of  infraorbital  pores. 
Character  15. — Modal  number  of  preoperculomandibular  pores. 
Character  16. — Modal  number  of  branchiostegal  rays. 
Character  17. — Modal  number  of  supratemporal  pores. 
Character  18. — Interpelvic  fin  width/pelvic  fin  base  length  (IP2/P2bL). 
Character  19. — Head  length/standard  length    (HL/SL). 
Character  20. — Head  width/standard  length    (HW/SL). 

Character  21. — Body  depth/standard  length    (BD/SL). 
Character  22. — Caudal  peduncle  depth/standard  length   (CPD/SL). 

Character  23. — Pectoral  fin  length/standard  length    (P1L/SL). 

Character  24. — Predorsal  length/standard  length    (PreDL/SL). 

Character  25. — Snout  (preorbital)  length/body  depth   (SnL/BD). 
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Character  26. — Length  of  second  dorsal  fin  base/length  of  first  dorsal  fin 
base    (D2bL/DlbL). 

Character  27.— Interorbital  width/head  width    (IOW/HW). 

Character  28.— Gape  width/snout  length    (GW/SnL). 
Character  29. — Body  depth/anal  fin  length  (males)    (BD/AL). 
Character  30. — Second  dorsal  fin  length/distance  from  front  of  base  of  sec- 
ond dorsal  fin  to  caudal  base  (males)    (D2L/QL5  ). 

Character  31. — Second  dorsal  fin  length/distance  from  front  of  base  of  sec- 
ond dorsal  fin  to  caudal  base  ( females )    ( D2L/QL  $  ) . 

Character  32. — Pelvic  fin  length/standard  length    (P2L/SL). 
Character  33.— Caudal  fin  length/standard  length   (CFL/SL). 
Character  34. — Flesh  opaque  or  translucent  when  alive.  1  =  opaque;  2  = 

translucent. 

Character  35. — Pigment  bar  on  cheek  as  in  E.  virgatum  (see  photo  in 
Kuehne  and  Small,  1971).    1  =  absent;  2  =  present. 

Character  36. — Breast  squamation  of  males.  1  =  fully  scaled;  2  =  reduced 
squamation,  including  scales  embedded   (neither  fully  scaled  nor  unsealed); 
3  =  unsealed. 

Character  37. — Breast  squamation  of  females.  1  =  fully  scaled;  2  =  re- 
duced squamation  (neither  fully  scaled  nor  unsealed);  3  =  unsealed. 

Character  38. — Anterior  belly  squamation  of  males.  1  =  area  of  belly  im- 
mediately behind  pelvic  fins  unsealed;  2  =  area  of  belly  immediately  behind 

pelvic  fins  scaled. 

Character  39. — Belly  midline  squamation  of  males.  1  =  complete  or  in- 
complete rows  of  unmodified  scales;  2  =  scaleless  strip(s)  from  pelvic  fins  to 

genital  papilla;  3  =  with  a  midbelly  row  of  modified  (enlarged  and  strongly 
toothed)  scales  on  which  the  longest  tooth  is  always  less  than  40%  of  the  entire 
length  of  the  modified  scale;  4  =  with  a  midbelly  row  of  modified  scales  on 
which  the  teeth  are  sometimes  longer  than  40%  of  the  entire  length  of  the  scales. 

Character  40. — Belly  midline  squamation  of  females.  1  =  fully  scaled;  2 
=  variable,  from  almost  fully  scaled  to  a  naked  strip  extending  one-half  dis- 

tance from  genital  papilla  to  pelvic  fins;  3  =  variable,  from  almost  unsealed  to 

a  naked  strip  extending  one-half  of  distance  from  genital  papilla  to  pelvic  fins; 
4  =  unsealed  from  pelvic  fins  to  genital  papilla. 

Character  41. — Uninterrupted  interpelvic  row  of  modified  scales  extending 
from  approximately  midpectoral  area  onto  anterior  part  of  belly  (males).  1  = 
absent;  2  =  present. 

Character  42. — Conical  snout  projecting  well  beyond  premaxilla.  1  =  ab- 
sent; 2  =  present. 

Character  43. — Premaxillary  frenum.  1  =  absent  or  extremely  narrow;  2 
=  present  and  not  extremely  narrow. 

Character  44. — Branehiostegal  membrane  connection.  1  =  membranes  not 
or  only  slightly  joined;  2  =  membranes  narrowly  to  moderately  joined;  3  = 
membranes  broadly  joined. 

Character  45. — Lateral  line.  1  =  straight  (complete  or  incomplete)  or 
slightly  arched;  2  =  arched  distinctly  upward  anteriorly. 

Character  46. — Pelvic  fins  of  breeding  male.  1  =  without  large  lateral 
flaps;  2  :     with  large  lateral  flaps. 

Character  47. — Maximum  size  (total  adult  length).  1  =  up  to  55  mm; 
2  =  to  80  mm;  3  =  to  105  mm;  4  =  to  130  mm;  5  =  to  155  mm;  6  =  to 
180  nun;  7  =  over  180  mm. 

Character  48. — Breeding  tuberculatum  (including  tubercular  ridges).  1  s: 
absent;  2  =z  present  on  males  only;  3  =  present  on  males  and  females  (data 
mostly  from  Collette,  1965). 

Character  49. — Cephalic  canals.     1    =   uninterrupted;  2   =  supratemporal 
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canal  only  interrupted;  3  =  infraorbital  canal  only  interrupted;  4  =  both 
supratemporal  and  infraorbital  canal  interrupted. 

Character  50. — Dentition.  1  =  teeth  present  on  prevomer  and  palatine; 
2  =  present  on  palatine  and  absent  on  prevomer;  3  t=  present  on  prevomer 
and  absent  on  palatine;  4  =  absent  on  both  prevomer  and  palatine  (data 
mostly  from  Richards,  1966). 

Character  51. — Flesh  over  anterior  half  of  maxillaries  fused  with  skin  over 
preorbitals.    1  =  absent;  2  =  present. 

Character  52. — Anus  surrounded  by  fleshy  villi.    1  =  absent;  2  =  present. 
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A  NEW  GYMNARTHRID  MICROSAUR  FROM  THE 
LOWER  PERMIAN  OF  KANSAS  WITH  A  REVIEW  OF 

THE  TUDITANOMORPH  MICROSAURS 

(AMPHIBIA) 

By 

Hans-Peter  Schultze  and  Brian  Foreman1 

INTRODUCTION 

Microsaurs  are  Paleozoic  amphibians  which  have  previously 
been  included  with  Aistopoda  and  Nectridia  in  one  taxonomic  unit, 
the  Lepospondyli.  The  reason  for  this  grouping  was  the  presumed 

absence  of  intercentra  in  all  members  of  the  Lepospondyli.  How- 
ever, it  has  been  shown  (see  Panchen,  1977:  310)  that  some 

microsaurs  possess  intercentra,  and  thus  are  not  "lepospondylous." 
The  microsaurs  are  therefore  only  distantly  related  to  Nectridia  and 
Aistopoda.  Carroll  and  Gaskill  (1978)  described  all  members  of 
the  order  Microsauria.  They  divide  the  Microsauria  into  two 
suborders,  the  Microbrachomorpha  and  the  Tuditanomoipha.  Our 

paper  is  based  primarily  on  their  data  and  deals  with  the  Tuditano- 
moipha. We  assign  a  newly  discovered  Lower  Permian  microsaur 

to  the  Gymnarthridae  within  the  suborder. 

Six  genera  of  microsaurs  are  assigned  to  the  family  Gymnarth- 
ridae (Carroll  and  Gaskill,  1978).  This  family  ranges  stratigraphical- 

ly  from  the  Lower  Pennsylvanian  (Joggins  Formation,  Westphalian 
B  in  Nova  Scotia)  to  the  Lower  Permian  (Hennessy  Formation  of 
Central  Oklahoma,  Clear  Fork  Formation  of  Texas).  All  described 
genera  of  Gymnarthridae  are  known  from  North  America  with  one 
exception,  Sparodus.  Sparodus  has  been  found  in  the  Nyrany  coal 
beds,  Westphalia,  Upper  Carboniferous  of  Czechoslovakia.    Four 

1  Museum  of  Natural  History,  The  University  of  Kansas,  Lawrence,  Kansas 
66045. 
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other  genera,  Saxonerpeton,  Trachystegos,  Micraroter,  and  Rhyn- 
chonkos  will  he  discussed  in  their  relation  to  the  Gymnarthridae. 

Carroll  and  Caskill  (1978)  assign  Saxonerpeton  to  the  Hapsidopa- 
reiontidae.  Trachystegos  to  the  Pantylidae,  and  Micraroter  to  the 
Ostodolepidae  as  does  Daly  (1973).  Rhynchonkos  (Goniorhynchus 

Olson,  1970)-  is  the  only  genus  within  the  family  Goniorhynchidae. 
The  terminology  of  skull  bones  of  Carroll  and  Gaskill  (1978) 

has  been  adopted  throughout  this  paper.  Evaluation  of  characters 
follows  the  method  suggested  by  Ilennig  (1966),  but  the  scheme 
is  not  transcribed  into  a  rigid  classification. 

The  new  specimen  described  in  this  paper  was  found  by  B. 
Foreman  in  1976  in  the  Lower  Speiser  Shale,  Lower  Permian,  at 
Eskridge,  Wabaunsee  County,  Kansas.  The  locality  contained 
numerous  remains  of  aquatic  vertebrates,  as  follows: 

Dipnoi:  Ghathorhiza  sp. 

Amphibia: 

Temnospondyli:  Acroplous  vorax  Hotton,  1959 

Nectridea:  cf.  Diplocaulus 

Lysorophidea :  Lysorophus  tricarinatus 

Lysorophus  is  the  most  common  fossil  in  the  locality;  a  nectridean 
(cf.  Diplocaulus)  and  Gnathorhiza  were  also  abundant.  About 

fifteen  specimens  of  the  least  common  of  the  listed  species,  Acrop- 
lous, have  been  collected  to  date.  All  these  aquatic  vertebrates  are 

well  articulated  in  contrast  to  the  fragmentary  preservation  of  the 
associated  terrestrial  vertebrates  which  include  a  few  fragmentary 
remains  of  reptiles  and  seymouriamorphs,  and  the  skull  of  Euryodus 

bonneri  n.  sp.  and  one  vertebral  column  of  a  microsaur.  Con- 
tinuous collecting  has  revealed  no  invertebrates  or  plants  in 

association  with  the  vertebrates.  The  fossils  were  found  in  a 

lenticular  deposit  of  greyish-green  mudstone  variegated  with  red 
shale. 

The  new  microsaur  was  prepared  using  Airbrasive  and  needle 
by  O.  Bonner  and  both  authors.    The  final  drawings  were  prepared 

by  1).  Bennett;  the  photographs  were  taken  by  J.  (morn.  We 
appreciate  the  help  of  ().  Bonner.  I).  Bennett,  and  J.  Chorn,  Uni- 

versity of  Kansas,  Museum  of  Natural  History,  Lawrence,  Kan- 
sas.   We  thank   Dr.  J.   Bolt,  Field   Museum  Chicago,  and   Dr.  E. 

Daly,    Museum    <»l     Natural    History,     Lawrence,    for    reading    and 
•  ommenting  on  the  manuscript. 

'The  generic  name  Goniorhynchus  Olson  1970  is  preoccupied  by  Gonio- 
rhynchus Hampson  1898,  a  Southeast  and  East  \sian  butterfly.  We  suggest 

replacing  Goniorhynchus  Olson  L970  l>>  Rhynchonkos,  a  new  name  which  ex- 

presses the  same  characteristics  as  Olson's  name  (l>vyxoff  gr-  snout, 
ovKoa  jjr.         angle,  hook  ). 
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DESCRIPTION 

Class  Amphibia 
Order  Microsauria  Dawson  1863 

Suborder  Tuditanomorpha  Carroll   and  Gaskill   1978 
Family  Gymnarthridae  Case  1910 
Genus  Euryodus  Olson  1939 
Species  Euryodus  bonneri  n.  sp. 

Diagnosis: — Small  gymnarthrid  microsaur  with  narrow  skull. 
Posterior  margin  of  the  cheek  region  probably  straight.  The  pos- 

terior border  of  the  skull  table  straight  to  slightly  undulated.  The 

medial  suture  of  the  tabular  forms  a  convex  arch  into  the  post- 
parietal  on  the  occiput.  The  prefrontal  occupies  a  larger  portion  of 
the  posterior  margin  of  the  external  naris  than  the  lacrimal.  Lacri- 

mal with  a  low  dorsal  process  on  the  anterior  margin  of  the  orbit. 
Very  large  external  nares,  length  about  half  of  the  length  of  the 

orbit.    Pointed  peg-like  teeth. 

Holotype: — KU  VP  47367,  a  nearly  complete,  articulated  skull 
with  left  lower  jaw  in  place,  but  the  right  displaced  below  the 
skull;  a  few  vertebrae  and  a  humerus  associated. 

Horizon  and  locality: — Lower  part  of  Speiser  Shale,  Council 
Grove  Group,  Lower  Permian.  Roadcut  on  Kansas  State  Highway 
99,  1.5  miles  northwest  of  Eskridge,  Wabaunsee  County,  Kansas. 

Derivatio  nominis: — Named  after  Orville  Bonner,  Museum  of 
Natural  History,  Lawrence,  Kansas,  who  carefully  prepared  the 
specimen. 

Description:  Euryodus  bonneri  is  represented  by  a  single,  nearly 
complete,  articulated  skull  with  the  left  lower  jaw  in  natural 
position.  All  bones  of  the  skull  have  a  smooth  surface,  but  a  few 
grooves  are  developed  in  the  snout  region,  on  the  rostral  part  of 
the  lower  jaw,  and  on  the  jugal.  The  pineal  foramen  is  absent,  but 
a  low  elevation  is  developed  in  that  region. 

The  skull  roof  (Fig.  1A,  2B,C)  shows  all  bones  in  their  natural 
relation  despite  some  crushing  of  the  left  side  of  the  skull.  The 
right  cheek  is  not  preserved.  The  middle  portion  of  the  right 
postparietal  is  vaulted  upwards,  and  the  lateral  portion  is  pressed 

downwards  anterolaterally.  The  posterior  part  of  the  right  post- 
parietal  has  been  broken,  and  displaced  downward  and  posteriorly. 
The  postparietals  are  well  developed  onto  the  occiput.  In  dorsal 
view,  the  border  of  the  occiput  is  nearly  straight  with  a  little 
undulation.  The  length  of  the  postparietal  (portion  on  the  occiput 
+  portion  on  the  skull  table)  is  %  of  the  length  of  the  parietal 
(Table  1).  The  parietal  and  the  frontal  are  of  equal  length,  while 
the  nasal  is  80%  of  the  length  of  the  frontal  or  the  parietal.  The 
nasal  forms  the  dorsal  border  of  the  external  nares.  Only  the  lateral 
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FlGTOE  l.-Euryodus  bonneri  n.  sp.    (A)
  Skull  in  lateral  view,  cc,  x 

IB)  Skull  in  dorsal  view.  CO.  x  4.    (C)  Verte
bra,  ca.  x  4. 

TABLE  L.     Skull  measurements  in  mm  (1  -  left,  r  - 
 right) 

skull 

,  rt»  mal  naris 
antorbital  region 
orbit 

postorbital  region 
nasal 
irontals 

paiietals 

postparietal 

about   1!) 
2.2 
6.6 
4.4 
7 

1  4.5 
1  5.4/r  5.7 
1  5.2/r  5.6 
1  4.2 

about  9 1,8 

3.1 1  1.6 

1  1.6/r  1.8 
1  2.6/r  3.0 1  2.3 
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part  of  the  right  nasal  is  preserved  so  that  the  rostral  part  of  the 
right  frontal  which  is  normally  overlapped  by  the  nasal,  is  free. 
Frontals  and  nasals  have  equal  width.  The  parietals  are  widest  at 
the  point  where  the  suture  between  postfrontal  and  tabular  meets 
the  parietal.  The  parietals  extend  at  this  point  as  far  laterally  as 
the  postparietals  at  the  posterior  border  of  the  skull  table. 

Only  the  left  tabular  is  preserved,  and  it  is  broken  and  pushed 
slightly  over  the  postparietal  and  parietal  towards  the  midline. 
The  tabular  extends  onto  the  surface  of  the  occiput  contacting  the 
postparietal  along  %  of  its  venterocaudal  extension;  this  means  it 

does  not  reach  venterocaudally  to  the  same  extent  as  the  post- 
parietal. The  third  dermal  bone  reaching  onto  the  occiput,  the 

squamosal,  is  missing.  The  postfrontal  is  a  long  bone,  as  long  as 

parietal  or  frontal.  The  right  postfrontal  sends  an  anterior  ex- 
tension between  prefrontal  and  frontal.  Postfrontal  and  prefrontal 

each  form  about  half  of  the  dorsal  margin  of  the  orbit.  The  pre- 
frontal is  as  long  as  the  frontal.  It  extends  from  the  dorsolateral 

margin  of  the  orbit  to  the  external  naris.  The  anterior  half  of  the 

prefrontal  is  expanded  dorsoventrally.  The  prefrontal  forms  be- 
tween /3  and  /2  of  the  posterior  margin  of  the  external  naris,  it 

occupies  more  of  the  posterior  margin  than  the  lacrimal. 
The  lacrimal  (Fig.  IB,  2A,D)  extends  from  the  external  naris 

to  the  orbit.  The  ventral  margin  is  broken,  but  nevertheless  a 
dorsoventral  widening  in  front  of  the  orbit  can  be  seen.  The 
lacrimal  forms  most  of  the  rostral  border  of  the  orbit.  The  opening 
for  the  nasolacrimal  duct  lies  about  in  the  middle  of  the  anterior 
border  of  the  orbit.  It  is  not  clear  whether  the  lacrimal  meets  the 

rostral  process  of  the  jugal  on  the  ventral  margin  of  the  orbit.  The 
maxillary  forms  part  of  the  floor  of  the  orbit,  and  the  maxillary 
possibly  separates  lacrimal  and  jugal  on  the  ventral  margin  of  the 
orbit. 

The  jugal  (Fig.  IB,  2A,D)  forms  the  lower  margin  of  the  orbit, 
and  reaches  half  way  up  on  the  posterior  margin.  The  rostral 

process  is  restored  in  Fig.  2D  after  the  overlap  area  on  the  maxil- 
lary. From  the  posterior  end  of  the  maxillary  on,  the  ventral  margin 

of  the  jugal  curves  posterodorsally  upwards  to  meet  the  posterior 
margin  of  the  postorbital.  The  postorbital  is  smaller  in  size  than 
the  postfrontal.  The  dermal  bones  of  the  cheek  region  behind  the 
jugal  and  the  postorbital  are  not  preserved,  but  there  is  a  large 
space  for  a  squamosal.  As  in  other  gymnarthrids,  a  quadratojugal 

may  have  formed  the  ventral  margin  of  the  check,  perhaps  reach- 
ing the  maxillary  under  the  posterior  margin  of  the  jugal.  The  poste- 
rior border  of  the  check  is  vertical  judging  from  a  connecting  line 

dropped  from  the  border  of  the  skull  roof  to  the  quadrate.  The 
external  nares  of  the  specimen  are  very  large  and  extend  half  the 
length  of  the  orbit;  their  depth  is  %  of  their  length  and  %  of  the 
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depth  of  the  orbit  (Table  1).  The  margin  of  the  external  naris  is 
clearly  visible,  bordered  by  the  bones  or  their  impressions.  The 
orbit  is  elongated,  with  the  depth  70/?  of  the  length.  The  orbit  is 

surrounded  by  the  rim  typical  of  microsaurs;  the  rim  is  well  pre- 
served on  the  lacrimal,  jugal,  and  prefrontal,  but  is  broken  oft  on 

the  other  bones.  The  postorbital  region  is  only  slightly  longer  than 
the  antorbital  region.  The  antorbital  length  is  divided  in  half  by 
the  posterior  margin  of  the  external  naris. 

The  premaxillary   (Fig.   1A,  2B,C)   reaches  the  dorsal  midline 
with  a  pointed  process  so  that  both  premaxillaries  together  form  a 

pmx 

1    CM 

I  p. i  re  2.  Euryodus  bonneri  n.  sp.  (A,B)  Skull  unrestored:  (A)  in  lateral 
view,  |  B)  in  dorsal  view.  (C,D)  Restoration  of  the  skull:  (C)  in  dorsal  view, 
(D)  in  lateral  view, — ang  angular,  art  articular,  de  dentary,  /  Frontal,  /  jugal, 
/  lacrimal,  tnx  maxillary,  na  nasal,  op. la  opening  <>i  nasolacrimal  duct,  /»  parietal, 
i'ii  palatine,  />/  postfrontal,  po  postorbital,  prf  prefrontal,  i>i>  postparietal,  <i 
quadrate,  ri.de  right  dentary,  /  tabular;  narrow  horizontal  hatching  un- 

ion. 
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triangle  between  the  external  nares.  The  premaxillary  forms  the 
rostral  border  and  half  of  the  ventral  border  of  the  external  naris 

(Fig.  IB,  2A,D).  It  bears  5  teeth,  with  the  front  teeth  being  the 
largest,  while  only  the  base  of  the  last  small  tooth  is  visible.  The 
snout  is  prominent.  Only  the  medial  and  the  posterior  portions  of 
the  left  maxillary  are  preserved.  The  overlapping  area  of  the  jugal 
can  be  seen  on  the  posterior  portion  of  the  maxillary,  which  bears 
four  teeth,  one  larger  anterior  tooth  only  partially  preserved  and 
three  smaller  teeth  behind  diminishing  in  size  posteriorly.  The 
teeth  are  compressed  mediolaterally.  The  lateral  margin  of  the 
palatine  is  exposed  between  external  naris  and  orbit  where  lacrimal 
and  maxillary  are  absent.  The  palatine  extends  dorsally  medial  to 
the  lacrimal  and  meets  a  process  of  the  prefrontal  extending 
ventrally  on  the  anterior  wall  of  the  orbit. 

The  left  lower  jaw  (Fig.  IB,  2A,D)  is  preserved  in  position, 
while  the  right  is  displaced  with  its  axis  inclining  ventrally  from 
the  snout.  The  rostral  and  the  posterodorsal  part  of  the  left  dentary 
are  preserved.  The  venterocaudal  portion  can  be  restored  from  the 
preserved  impression  and  from  the  overlap  area  on  the  angular. 
The  dentary  bears  only  a  low  coronoid  process.  Eleven  teeth  can 
be  counted  on  the  exposed  dorsal  margin  of  the  dentary,  the  full 
complement  may  be  12  or  13;  the  teeth  are  rounded  at  the  base 

and  more  ovoid  near  the  tip.  The  angular  reaches  far  rostrally  be- 
low the  dentary,  the  suture  between  both  bones  is  preserved 

posteriorly  only  as  an  impression.  Only  the  ventral  part  of  the 
angular  is  preserved,  the  boundaries  to  surangular  and  articular 
cannot  be  drawn  with  certainty.  The  angular  does  not  extend  onto 
the  medial  side  of  the  lower  jaw.  It  meets  one  bone  (Pprearticular) 
on  the  ventral  margin  of  the  lower  jaw  at  the  level  of  the  posterior 

part  of  the  tooth  row.  A  piece  of  bone  preserved  on  the  posterior 
end  of  the  lower  jaw  seems  to  be  part  of  the  articular.  There  is  no 
sign  of  a  retroarticular  process. 

Only  little  of  the  postcranial  skeleton  is  associated  with  the  skull: 
part  of  one  humerus,  and  some  vertebrae  (Fig.  1C).  The  two 

pieces  of  the  humerus  are  too  fragmentary  for  comparison.  The 
distal  and  the  proximal  ends  are  missing  so  that  it  is  impossible  to 
see  if  an  entepicondylar  foramen  exists.  One  vertebra  shows  the 

deep  posterior  concavity,  and  the  right  side  with  the  articulation 

area  for  the  rib,  and  the  zygapophysis  with  a  flat  articulating  sur- 
face. The  neural  arch  is  missing.  It  is  a  typical  microsaur  vertebra, 

and  the  flat  articulating  surface  is  found  in  gymnarthrids.  Near 
this  vertebra,  the  ventral  surface  of  the  neural  canal  is  exposed,  on 
a  piece  longer  than  the  first  described  vertebra. 
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COMPARISON  AND  DISCUSSION 

Order  Microsauria 

Carroll  and  Gaskill  (1978)  include  in  the  Microsauria  those 
Paleozoic  lepospondyl  amphibians  with  squamosal  and  tabular  but 

without  supratemporal.  In  the  Microsauria,  the  postparietal,  tabu- 
lar and  squamosal  reach  with  lappets  onto  the  occiput,  and  there  is 

no  otic  notch.  A  special  articulation  between  the  occipital  condyle 
and  the  atlas  is  characteristic  of  these  forms.  The  order  Microsauria 

is  divided  into  two  suborders,  the  Tuditanomorpha  and  the  Micro- 
brachomorpha.  The  key  differences  in  the  skull  roof  between  these 
suborders  are: 

1.  The  postfrontal  is  larger  than  the  postorbital  in  early  Tudi- 
tanomorpha, and  subequal  in  size  with  the  postorbital  in  later 

Tuditanomorpha,  but  smaller  than  the  postorbital  in  Microbrach- 
omorpha.  This  last  feature  is  attained  also  in  the  most  advanced 
Tuditanomoqjha  ( Pelodosotis) . 

2.  Postfrontal  and  postorbital  are  in  contact  with  the  tabular  in 

Tuditanomorpha  (exception:  Hapsidopareion).  In  Microbracho- 
moqoha,  the  parietal  extends  laterally  to  separate  the  postfrontal 
from  the  tabular. 

3.  Parietal,  frontal,  and  nasal  are  subequal  in  size  in  Tuditano- 
moqoha,  but  the  parietal  is  wider  than  the  frontal,  and  the  frontal 

wider  than  the  nasal  in  Microbraehomoi-pha. 
In  all  these  characters  the  described  specimen  compares  with 

the  Tuditanomorpha.  Thus,  we  need  to  discuss  the  Tuditanomoi-pha 
only.  The  character  states  for  the  families  of  Tuditanomoi-pha  will 
be  evaluated  by  comparison  with  those  of  the  Microbrachomorpha, 
the  closest  outgroup  comparison  possible.  In  addition,  anthracosaurs 
( =Batrachosauria,  see  Panchen,  1970)  are  taken  for  comparison 
outside  the  microsaurs  because  they  are  considered  here  as  the 
more  primitive  group  most  closely  related  to  the  microsaurs.  The 

relation  between  tabular  and  parietal,  the  pleurocentrum  presum- 
ably forming  the  main  part  of  the  vertebral  centrum  (see  Panchen, 

1977),  occurrence  of  a  supraoccipital  (see  Panchen,  1972)  are  in 
Favor  of  a  close  relationship  of  microsaurs  to  anthracosaurs  (see 

Gaffney,  1979:  99).  "Apart  from  the  skull  characters  discussed,  only 
the  atlas-axis  complex  significantly  distinguishes  microsaurs  from 

the  other  two"  ( =  anthracosaurs  and  early  reptiles;  Panchen, 1972:  85). 

Suborder  Tuditanomorpha 

Carrol]  and  (iaskill  i  L978)  recognize  seven  Families  within  the 
Tuditanomorpha.  Following  Carroll  and  Gaskill  (1978)  and  our 
own  judgment,  we  chose  the  characteristics  of  the  families  to  get 
a  testable  scheme  of  the  relationship  of  Tuditanomorpha  so  that 
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we  could  evaluate  the  significance  of  the  characters  in  the  new 

specimen.  Figure  3  shows  the  interrelationships  of  six  of  the  fam- 
ilies within  the  Tuditanomorpha,  excluding  the  Trihecatontidae. 

The  following  characters  numbered  1  to  8  have  been  used  as  key 
characters  of  the  families  in  Figure  3;  character  0  is  not  distinctive 
enough  to  separate  any  family. 

(0)  Size  relation  between  postfrontal  and  postorbital:  Micro- 
saurs  are  characterized  by  the  absence  of  intertemporal  and  supra- 
temporal.  Tuditanomorpha  and  Microbrachomoq^ha  follow  differ- 

ent patterns  in  occupying  the  space  of  intertemporal  and  supra- 
temporal.  A  lappet  of  the  parietal  occurs  in  place  of  the  inter- 

temporal and  supratemporal  in  the  Microbrachomorpha;  the  tabular 
and  postfrontal  expand  into  this  space  in  the  Tuditanomorpha. 

TUDITANIDAE HAPSIDOPAREIODONTIDAE 

PANTYLIDAE 

pf>po 

GYMNARTHRIDAE 

pf>po-»pf=po 

GONIORHYNCHIDAE 

OSTODOLEPIDAE 

pf>po 

pf>po,  1.0-4.0,6.0,7.0 

pf  <po 

Autapomorphy 

Synapomorphy 
Questionable 

Synapomorphy 

Figure  3. — Interrelationship  of  the  families  of  the  suborder  Tuditano- 
morpha. /)/  postfrontal,  po  postorbital.  (1)  Position  of  the  jaw  articulation: 

(1.0)  at  the  level  and  (1.1)  in  front  of  die  oeeipital  eondyle-atlas  articulation. 
(2)  Posterior  margin  of  the  cheek  region:  (2.0)  straight,  (2.1)  inclined  hack- 
ward,  (2.2)  inclined  forward.  (3)  Quadratojugal:  (3.1)  large,  (3.1)  small, 
(3.2)  elongated.  (4)  Epicondylar  foramen:  (4.0)  present,  (4.1)  absent. 
(5)  Margin  of  the  upper  jaw:  (5.1)  posterior  margin  inclined,  (5.2)  ventral 
extension,  (5.3)  deep  emargination  up  to  tabular,  (5.4)  straight,  (5.5)  low 
emargination.  (6)  Posterior  margin  of  skull  table:  (0.0)  concave,  (0.1) 
straight,  (0.2)  convex,  triangular,  (0.3)  undulated,  emargination  at  the 
occiput.  (7)  Supraoccipital:  (7.0)  present,  (7.1)  absent.  (8)  Number  of 
presacral  vertebrae:    (8.0)  below  30,  (8.1)  37  and  more. 
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Thus,  the  postfrontal  extends  about  as  far  posterior  as  does  the 

postorbital  in  the  Tuditanomorpha,  whereas  it  is  limited  to  the 

region  close  to  the  orbit  in  the  Microbrachomoipha.  The  post- 
frontal  is  larger  than  the  postorbital  in  primitive  Tuditanomorpha, 

while  the  postfrontal  is  smaller  than  the  postorbital  in  the  Micro- 
brachomorpha.  In  both  groups,  these  bones  tend  to  become  the 
same  size.  The  postorbital  becomes  larger  than  the  postfrontal  in 

the  specialized  tuditanomorph  Ostodolepidae.  The  evolutionary 

tendency  towards  enlargement  of  the  postorbital  is  quite  evident 
within  the  Tuditanomorpha,  but  the  character  is  too  transitional  to 

be  used  for  characterizing  any  family. 

(1)  Position  of  the  jaw  articulation:  The  jaw  articulation  lies 
well  behind  the  occiput  in  anthracosaurs,  but  on  the  level  with  or 

in  front  of  the  articulation  between  occiput  and  first  vertebra  in 
most  microsaurs.  Only  some  Tuditanidae  ( Tuditanus,  Carroll  and 

Gaskill,  1978,  fig.  4)  show  the  more  primitive  situation  with  the  ja\v 

articulation  a  little  further  posterior.  All  Pennsylvanian  Tuditano- 
morpha and  the  Permian  genera  Saxonerpeton  and  Pantylus  have 

both  articulations  on  the  same  level.  The  anterior  position  of  the 

jaw  articulation  is  acquired  in  Hapsidopareiodontidae,  Gymnarth- 
ridae,  Goniorhynchidae,  and  Ostodolepidae  and  in  parallel  in  the 

Microbrachomoipha.  Within  the  Microbrachomoipha,  only  Hy- 
ploplesion  has  both  articulations  at  the  same  level  (Carroll  and 

Gaskill,  1977,  Fig.  89,  E,H ) . 
(2)  Posterior  margin  of  the  clieek  region:  Microsaurs  do  not 

possess  an  otic  notch  so  that  the  cheek  has  a  straight  posterior 

margin  from  the  skull  roof  down  to  the  jaw  articulation.  This 

margin  is  nearly  straight  vertically  in  most  microsaurs  as  one  may 

expect  from  the  relation  of  the  posterior  end  of  the  tabular  to  the 

quadrate  in  anthracosaurs,  considered  here  as  the  primitive  sister- 
group  of  microsaurs.  The  occiput  (thus  the  posterior  margin  of  the 

cheek)  is  inclined  forward  in  burrowing  forms.  This  feature  is 

more  pronouneed  in  Hapsidopareiotl  than  in  LlistroftlS  within  the 

I  lapsidopareiontidae,  and  extreme  in  PelodoSOtis  within  the  Osto- 

dolepidae. In  our  opinion,  this  Feature  is  an  expression  of  burrow- 

ing adaptation  rather  than  a  synapoinorphy;  it  occurs  in  the  Osto- 
dolepidae along  with  a  subterininal  mouth.  The  backward  inclina- 

tion ol   the  margin  ol    the  cheek  is  a  tendency  within   g\  mnartlirids 
and   Rhynchonko8;   thus,   the  margin   is   inclined  Forward   in   the 

largest    g)  mnarthrid.    The   feature   may   or   may   not   be   a    synapo- 
morphy  for  Rhynchonkos  and  some  gymnarfhrids. 

(3)  Quadratojugal:  The  quadratojugal  differs  in  size  within 

microsaurs.     It    is    large    and    relatively    deep    in    all    Mierobracho- 
morpha  except  Odonterpeton,  in  Tuditanidae,  and  in  Pantylidae.   It 

is  a  large  and  relatively  deep  bone  in  anthracosaurs  and  most  other 

Carboniferous  amphibians.     That  seems  to  be  the  primitive  situa- 
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tion.  The  quadratojugal  becomes  small  in  Tuditanomorpha  and 
Microbrachomorpha  (Odonterpeton) ,  while  a  low  elongated  shape 
is  found  in  gymnarthrids  and  goniorhynchids  only;  therefore,  it 
seems  to  be  an  advanced  feature  for  both  families. 

(4)  Entepicondylar  foramen:  The  entepicondylar  foramen  is 
present  in  microsaurs  as  in  anthracosaurs.  It  has,  therefore,  to  be 
considered  as  primitive  for  microsaurs,  and  the  loss  as  advanced. 
It  is  lost  within  Microbrachomorpha  and  within  Tuditanomorpha, 
and  it  may  be  lost  independently  more  than  once  within  each 

suborder.  Most  gymnarthrids  and  goniorhynchids  have  no  entepi- 
condylar foramen,  although  Carroll  and  Gaskill  (1978)  describe 

an  isolated  gymnarthrid  humerus  with  an  entepicondylar  foramen. 
The  shape  of  the  humerus  in  gymnarthrids  is  different  from  other 
Tuditanomorpha,  and  resembles  that  of  Goniorhynchidae  (Carroll 
and  Gaskill,  1978:  175). 

(5)  Margin  of  the  upper  jaw.  The  ventral  margin  of  the  upper 
jaw  is  a  good  character  to  distinguish  the  families  within  the 

Tuditanomorpha.  It  changes  in  the  extremes  from  a  ventral  ex- 
tension to  a  deep  dorsal  emargination.  The  slight  ventral  extension 

of  the  cheek  region  behind  the  toothed  maxillary  in  Tuditanidae  is 

the  primitive  situation  judging  from  a  similar  situation  in  Micro- 
brachomorpha (Microbrachis  after  Steen,  1938;  or  Hyloplesion 

after  Carroll  and  Gaskill,  1978)  and  anthracosaurs  (Panchen,  1970). 

The  Pantylidae  evolve  a  broad  ventral  lappet,  while  Hapsido- 
pareiontidae  and  Ostodolepidae  have  an  emargination  instead.  The 
emargination  in  both  families  is  quite  different,  and  very  deep  in 
Hapsidopareiontidae.  Only  Gymnarthridae  and  Goniorhynchidae 
seem  to  be  comparable  in  the  formation  of  the  ventral  margin  of 
the  cheek  region:  a  straight  margin  with  the  tendency  to  be  arched. 

(6)  Posterior  margin  of  skull  table:  The  primitive  position  of 

the  jaw  articulation  is  posterior  to  the  occipital  region.  Consequent- 
ly, the  closing  of  the  otic  notch  has  imposed  a  concave  shaped 

margin  along  the  posterior  edge  of  the  skull  table.  In  those  forms 
in  which  the  posterior  margin  of  the  skull  table  is  straight,  there  is 
little  difference  in  the  configuration  of  the  skull  elements  along  the 
posterior  margin  when  compared  with  the  more  primitive  concave 
shape.  The  significant  difference  is  the  anterior  placement  of  the 
quadrate  in  the  forms  with  straight  posterior  skull  table  margin. 

Only  the  forms  considered  to  be  best  adapted  for  burrowing 
show  a  different  limit  for  attachment  of  the  neck  musculature. 

Thus,  in  Ostodolepidae  (and  BPI  3839,  see  Carroll  and  Gaskill, 
1978),  the  musculture  extends  anterior  and  lateral  to  the  occipital 
articulation  in  such  a  way  that  the  posterior  margin  of  the  skull 
roof  forms  an  undulating  line.  The  margin  of  the  skull  table  lies 
relatively  far  forward  in  RhyncJwnkos,  which  also  results  from  the 

extreme  posterior  position  of  the  occipital  articulation.    The  pos- 
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terior  margin  of  the  skull  table  in  Rhynchonkos  forms  a  shallow 
posterior  projecting  triangle  with  the  apex  nearly  reaching  the 
supraoccipital. 

(7)  Supraoccipital:  An  ossified  supraoccipital  exists  in  anthra- 
cosaurs  (Panchen,  1970),  and  it  may  be  primitively  present  in  all 
microsaurs  even  though  it  is  not  known  in  Microbrachomoipha.  It 

is  comparatively  large  in  Tuditanidae,  Pantylidae,  and  Hapsido- 
pareiontidae.  It  is  reduced  in  Rhynchonkos  and  in  Ostodolepidae, 
and  missing  only  in  the  Gymnarthridae.  The  latter  advanced 
feature  may  be  an  autapomorphy  for  Gymnarthridae  distinguishing 
them  from  Rhynchonkos. 

(8)  Num1)cr  of  vertebrae:  A  low  number  of  trunk  vertebrae 

(about  25)  is  "the  normal  count"  (Panchen,  1970:  28)  in  labyrin- 
thodonts,  although  the  anthracosaur  Archeria  has  more  than  forty. 
A  count  below  30  is  found  in  most  microsaurs.  Only  Microbrachis 

within  the  Microbrachomoipha,  and  the  Gymnarthridae,  Rhyt\- 
chonkos,  and  to  an  extreme,  the  Ostodolepidae  within  the  Tudit- 
anomorpha  exceed  the  number  thirty.  This  feature  is  here  con- 

sidered an  advanced  feature  within  the  Tuditanomorpha. 
Within  the  microsaurs  most  of  the  above  characters  ( 1,  2,  3,  6,  7) 

evolve  towards  a  reptilian  state  as  has  been  observed  earlier  (see 
Carroll  and  Baird,  1968).  These  are  useful  characters  to  separate 

the  families  of  Tuditanomorpha  after  one  accepts  the  basic  char- 
acters which  unite  the  microsaurs  into  a  monophyletic  group  not 

ancestral  or  closely  related  to  reptiles.  The  genera  of  the  Tudit- 
anidae are  the  most  primitive  ones  within  the  suborder;  the  shape 

of  the  occiput,  the  ornamentation  of  the  bones,  the  size  of  the 
quadratojugal,  and  the  high  number  of  marginal  teeth  are  all 
characters  primitive  within  the  suborder.  The  Pantylidae  are  only 
a  little  more  advanced.  The  ventral  extension  of  the  margin  of  the 
upper  jaw  is  the  main  character  of  the  family.  The  number  of 

teeth  is  reduced  as  in  no  other  family  of  the  suborder  (3  pre- 
maxillary  teeth,  and  8-9  maxillary  teeth,  contrary  to  5  premaxillary 
and  more  than  16  maxillary  teeth  in  most  Tuditanomorpha)  except 
the   Gymnarthridae   where    the    number   can    drop    to    10   maxillary 
teeth  in  advanced  Forms.  In  addition,  the  configuration  ol  the 
suture  pattern  ( icterdigitating  sutures),  the  ovoid  shape  of  the  eye, 
and  the  long  postorbital  length  justify  the  family.  The  genera  of 
Hapsidopareiontidae  are  distinguished  from  other  Tuditanomorpha 
by  the  high  einargination  ol  the  cheek  up  to  the  tabular.  In  Osto- 

dolepidae, the  einargination  ol  the  cheek  region  is  not  as  high,  and 

the  skull  is  shaped  quite  differently.  The  Ostodolepidae  are  the 

most  specialized  lorins  within  the  Tuditanomorpha,  the  "extreme 

diggers"  with  pointed  snout,  triangular  skull,  and  inclined  occipital 
region.    The  last   two  families,  the  ( lonforh)  nchidae  and  the  Gym- 
narthridae  (the  Trihecatontidae  are  set  aside  because  too  little  is 
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known  about  them),  have  many  features  in  common  (Fig.  3).  Only 

the  shape  of  the  occiput  seems  to  give  the  possibility  of  distinguish- 
ing clearly  both  families.  The  shape  of  the  teeth  and  the  number 

of  teeth  are  characters  considered  to  be  of  high  value  in  separating 
both  families  for  Carroll  and  Gaskill  (1978:  155),  but  these  are 
primitive  characters  ( compare  Saxonerpeton  within  the  family ) .  On 
the  contrary,  the  existence  of  many  advanced  characters  in  both 
families  could  even  be  used  to  consider  Rhynchonkos  as  one  of  the 
Gymnarthridae . 

A  character  obliterated  many  times  in  parallel  is  the  loss 
of  the  pineal  opening.  It  is  lost  in  Pantylidae,  Ostodolepidae, 

some  Gymnarthridae  (Pariotichus,  Euryodus  primus  and  E.  bon- 

neri),  and  in  "Micraroter"  BPI  3839  (not  in  the  type  of  Micra- 
roter).  The  elongation  of  the  trunk  is  a  feature  shown  in  Gonio- 
rhynchidae,  Gymnarthridae,  and  Ostodolepidae.  In  these  forms, 
the  intercentrum  is  ossified  also  (these  characters  are  known  from 
the  otherwise  poorly  known  Trihecatontidae  so  that  it  can  be  argued 
at  least  that  this  family  may  have  some  relation  to  one  of  these 
families ) .  Within  the  Gymnarthridae,  Euryodus  ( peabodyi,  primus, 

and  dalyae)  possesses  strap-shaped  intercentra.  Vertebrae  of  other 
gymnarthrid  genera  are  not  known.  The  Pennsylvanian  Hylerpeton 
shows  some  vertebrae  formed  by  the  pleurocentrum  only  so  that 

Carroll  and  Gaskill  (1978:  59)  stated:  "Their  [intercentra]  appar- ent absence  in  other  forms  could  be  attributed  either  to  absence  of 

ossification  or  postmortem  disturbance.  The  apparent  absence  of 

intercentra  in  Pennsylvanian  gymnarthrids  .  .  .  ."  Rhynchonkos,  the 
only  genus  within  the  Goniorhynchidae,  shows  small  intercentra. 
The  situation  in  Ostodolepidae,  and  in  Micraroter  is  ambiguous. 
Ostodolepis  itself  has  intercentra,  but  the  other  genus  Pelodosotis 
within  the  family  shows  none.  The  type  specimen  of  Micraroter 

has  no  intercentra,  but  intercentra  are  present  in  BPI  3839,  a  speci- 
men assigned  to  the  same  genus  by  Carroll  and  Gaskill  (1978). 

Therefore,  presence  or  absence,  and  shape  of  intercentra  cannot  be 
used  to  characterize  families  within  the  Tuditanornorpha. 

In  conclusion,  the  six  families  within  the  Tuditanornorpha 
which  can  be  defined  by  cranial  characters  are  accepted  by  the 
authors.  We  disagree  with  the  assignment  of  some  genera  to  a 

particular  family  (see  below).  Gymnarthridae  and  Goniorhyn- 
chidea  are  the  two  most  closely  related  families.  The  position  of 

the  seventh  family,  Trihecatontidae,  is  uncertain  because  of  lack 
of  data.  The  described  specimen  agrees  in  all  its  characters  with 
the  members  of  the  Gymnarthridae. 

Genera  Incertae  Sedis 

Four  genera  within  the  Tuditanornorpha  do  not  conform  to  the 
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characteristics  of  the  families  they  are  assigned  to  by  Carroll  and 
Gaskill(1978): 

Saxonerpeton  and  Ricnodon:  Saxonerpeton  is  assigned  to  the 
Hapsidopareiontidae  although  it  lacks  the  emargination  of  the 
cheek  region,  the  most  characteristic  feature  of  the  family  (Carroll 

and  Gaskill,  1978:  38).  The  margin  of  the  upper  jaw  is  straight, 

and  the  quadratojugal  is  elongated  as  in  Gymnarthridae  and 
Goniorhynchidae.  The  maxillary  reaches  the  orbit  as  in  some 

Gymnarthridae,  and  in  the  type  of  Micraroter.  The  arrangement 
of  the  bones  of  the  skull  roof  is  similar  to  Gymnarthridae.  The 

postparietals  seem  to  take  more  space  on  the  skull  roof  (Carroll 

and  Gaskill,  1978,  fig.  19A,B,  21)  than  in  the  given  restoration 

(Fig.  22).  The  prefrontal  reaches  veiy  far  rostrad  in  Gymnarth- 
ridae, as  in  Hapsidopareiontidae.  A  dentary  forming  most  of  the 

external  side  of  the  lower  jaw  together  with  a  reduced  angular  is 
likewise  a  feature  of  the  Gymnarthridae.  The  interclavicle  is 

similar  to  that  in  the  Gymnarthridae.  In  conclusion,  the  authors 

prefer  to  place  this  genus  close  to  the  Gymnarthridae,  even  though 

there  are  some  primitive  characters  as  the  low  number  of  presacral 

vertebrae,  the  high  number  of  teeth,  and  an  entepicondylar  foramen 
in  the  humerus  of  Saxonerpeton  (but  an  entepicondylar  foramen  is 

present  also  in  an  isolated  gymnarthrid  humerus,  see  Carroll  and 
Gaskill,  1978,  Fig.  41B). 

Carroll  and  Gaskill  (1978)  put  Ricnodon  very  close  to  Sax- 
onerpeton, but  there  is  very  little  known  which  could  give  us  their 

proper  relationship.  As  in  Saxonerpeton,  the  characteristic  emargi- 
nation of  the  cheek  region  of  Hapsidopareiontidae  is  not  known. 

The  pelvic  girdle,  as  in  Saxonerpeton,  is  different  from  Hapsido- 

pareiontidae and  matches  with  that  of  Rhynchonkos  and  the  Mi- 
crobrachomorpha,  and  therefore  we  assume  it  is  a  primitive  feature. 

Diagnostic  features  can  be  found  in  the  lower  jaw  and  the  jugal 

only  (Fritsch,  1883,  Plate  42;  or  Carroll,  1966,  Fig.  18).  The  sur- 
angular  is  very  large;  this  is  a  primitive  feature  in  Tuditanomorpha 
and  found  only  in  Tuditanidae.  The  ventral  extension  of  the  jugal 

indicates  a  ventral  extension  of  the  margin  ol  the  upper  jaw,  a 

diagnostic  feature  of  Tuditanidae.  If  the  specimens  from  Joggins 

are  assigned  correctly  to  Ricnodon  (Carroll,  1966:  86-89),  the  two 
dorsal  processes  ol  the  ilium,  and  the  large  pineal  foramen  agree 

with  features  in  Tuditanidae.  The  position  ol  Ricnodon  is  difficult 

to  determine,  but  all  known  features  would  justify  an  assignment 
to  the  Tuditanidae;  even  here  the  existence  ol  the  entepicondylar 
foramen  raises  no  problems. 

Trachysteg08:  Very  little  is  known  of  this  genus.  It  is  assigned 

I"  the  Pantylidae  (Carroll  and  Gaskill,  1978)  even  though  the 
extension  ol  the  margin  of  the  upper  jaw  (p.  11)  has  not  been 
determined.    The   dermal   bone   pattern   docs   not    resemble   that   of 
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Pantylus  either.  The  prefrontal  reaches  far  forward,  the  lacrimal 
has  a  dorsal  process  at  the  anterior  margin  of  the  orbit,  and  the 
maxillary  reaches  the  ventral  margin  of  the  orbit.  All  these  are 
features  of  the  Gymnarthridae,  but  an  entepicondylar  foramen  is 
present.  The  fragments  of  Trachystegos  do  not  provide  enough 
evidence  to  include  the  genus  within  the  Gymnarthridae  with  cer- 

tainty (but  see  further  discussion  on  p.  23). 
Micraroter:  Carroll  and  Gaskill  ( 1978 )  assign  two  specimens  to 

M.  erythrogeios,  the  type  specimen  described  by  Daly  (1973)  and 
one  specimen  of  the  Bernard  Price  Institute  of  Paleontological 
Research,  Johannesburg  (BPI  3839).  BPI  3839  possesses  the 
emargination  characteristic  for  Ostodolepidae,  but  the  cheek  is  not 

preserved  in  the  type  specimen.  In  the  type  specimen,  the  pre- 
frontal reaches  the  external  naris,  and  the  lacrimal  has  a  high  dorsal 

process  at  the  anterior  margin  of  the  orbit.  These  are  features  of 
Gymnarthridae,  and  lacking  in  BPI  3839.  It  follows  from  these  and 

other  characters  that  BPI  3839  and  the  type  of  Micraroter  erythro- 
geios do  not  belong  to  the  same  genus.  The  first  may  be  closer  to 

Ostodolepidae  because  of  the  main  character  cheek  emargination, 
but  the  latter  closer  to  the  Goniorhynchidae/Gymnarthridae  (Fig. 
4  shows  a  reconstruction  of  the  missing  cheek  region  with  a  broader 
anterodorsal  portion  of  the  squamosal  as  found  in  Gymnarthridae 

and  Goniorhynchidae;  there  is  not  much  space  left  for  an  emargina- 
tion). In  addition,  the  cervical  vertebrae  of  the  type  specimen  of 

Micraroter  show  similarities  in  the  shape  of  the  neural  arch  with 
Gymnarthridae  (compare  Carroll  and  Gaskill,  1978,  Fig.  115F  with 
115E  and  C);  the  neural  arches  of  BPI  3839  (Fig.  115G)  are 
quite  different.  On  the  other  hand,  BPI  3839  possesses  intercentra 
similar  ( Fig.  59A,  but  in  contrast  to  the  reconstruction  in  Fig.  60C ) 
to  those  in  Euryodus,  but  the  type  specimen  of  Micraroter  does  not 
show  intercentra.  Even  though  Micraroter  erythrogeios  and  BPI 
3839  belong  to  different  genera,  they  show  that  the  Ostodolepidae 
are  more  closely  related  to  Goniorhynchidae  and  Gymnarthridae 
than  to  any  other  Tuditanomorpha. 

Family  Gymnarthridae 

The  Gymnarthridae  are  the  family  with  the  highest  number  of 
genera  and  species  within  the  Tuditanomoipha,  and  the  new  form 
belongs  in  this  family  (see  above).  Carroll  and  Gaskill  (1978) 
often  use  size  to  assign  specimens  to  genera.  This  seems  to  be  a 

weak  agrument.  Because  of  insufficient  knowledge  of  many  gym- 

narthrids  Carroll  and  Gaskill  (1978:  76)  state  that  "the  possible 
interrelationship  of  the  various  genera  is  open  to  speculation." 
Contrary  to  Carroll  and  Gaskill  (1978),  let  us  speculate  on  the  use 
of  defined  characters  in  the  hope  of  attaining  the  means  to  assign 
the  described  specimen  to  the  proper  genus.   A  series  of  characters 
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Figure  4. — Micraroter  crythrogeios  Daly,  skull  in  lateral  view  (after  Carroll 
and  Gaskill,  1978,  Fig.  53;  changed  in  the  missing  cheek  region). — art  articular, 

/'  jugal,  occ  occipital,  po  postorbital,  pp.  postparietal,  q  quadrate,  qj  quadrato- 
jugal,  so  supraoccipital,  sq  squamosum,  t  tabular. 

lias  been  used  to  define  the  different  genera  and  species  within  the 
Gymnarthidae  and  their  relationship  (Fig.  6): 

(1)  Prefrontal:  The  prefrontal  occupies  a  similar  space  as  in 
anthracosaurs;  it  reaches  far  forward  but  does  not  reach  the  external 
naris.  The  later  advanced  condition  is  acquired  in  the  new  species 
and  in  E.  dahjae,  E.  peabodyi,  and  in  some  specimens  of  E.  primus. 

(2)  Position  of  the  jaw  articulation:  It  has  been  shown  above 

(p.  — )  that  the  jaw  articulation  is  situated  at  the  level  of  the  oc- 
cipital articulation  in  primitive  Tnditanomorpha.  In  Gymnarth- 

ridae,  the  jaw  articulation  is  always  in  front  of  the  occipital 
articulation,  and  it  moves  even  farther  anterior  in  more  advanced 

species  like  Cardiocephalus  stembergi. 

(3)  Size  of  orbit:  The  orbit  is  usually  larger  in  juvenile  speci- 
mens than  in  adults,  so  this  criterion  is  often  used  as  an  indication 

of  juvenility.  Small  Specimens  often  have  a  larger  orbit  (compared 
to  the  length  ol  the  skull)  than  larger  specimens.  We  find  within 

the  Tuditanomorpha  that  the  members  of  the  more  primitive  fam- 
ilies have  very  large  orbits  even  when  the  specimens  are  large 

(i.e.,  Crinodon).  There  seems  to  be  a  tendency  in  more  advanced 
Tuditanamorpha  towards  smaller  orbits.    The  largest  orbit  (length 
ol   orbit   tO  length  ol    skull)   ol    speeiinens  figured   in  this  paper  can 
be  found  in  the  smallest  (Saxonerpeton,  Fig.  5A)  and  in  the  largest 
(Micraroter,  Fig.  4)  forms.  This  demonstrates  that  there  is  not  only 
a   tendency   towards   smaller  orbits,   but  another  tendency   to  keep 

large  eyes.   The  gymnarthrids  generally  have  smaller  orbits  with  a 
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length  below  20  percent  of  the  skull  length  with  the  exception  of 
E.  bonneri  (Fig.  5E). 

(4)  Size  of  external  nares:  The  size  of  the  external  nares  is  re- 
lated to  the  size  of  the  specimens;  it  is  relatively  large  in  small 

specimens.    Thus,  the  external  nares  are  proportionately  larger  in 

Figure  5. — Skulls  in  lateral  view  of  Gymnarthridae  and  Goniorhynchidae 
(after  Carroll  and  Gaskill,  1978;  changed);  all  x  2.  (A)  Saxonerpeton  geinitzi 

(Credner)  (ibid.,  restoration  Fig.  22  changed  after  Fig.  21);  (B)  Leioce- 
phalikon  problematicum  (Dawson)  (ibid.,  restoration  Fig.  46C);  (C) 
Pariotichus  brachyops  Cope  (ibid.,  restoration  Fig.  45C  changed  after  Fig. 
45A);  (D)  Cardiocephalus  stembergi  Broili  (ibid.,  restoration  Fig.  30C 
changed  after  Fig.  30A);  (E)  Euryodus  bonneri  n.  sp.;  (F)  Euryodus  dalyae 
Carroll  and  Gaskill  (ibid.,  restoration  Fig.  43  changed  after  Fig.  42A);  (G) 
Euryodus  peabodyi  (Carroll  and  Gaskill)  (ibid.,  restoration  Fig.  32  changed 
after  Fig.  32  and  KU  VP  8967);  (II)  Euryodus  primus  Olson  (ibid.,  restoration 
Fig.  37  changed  after  Figs.  36  +  38A);  (J)  Ehynchonkos  stovalli  (Olson) 

(ibid.,  restoration  Fig.  64). — ang  angular,  art  articular,  </<•  dentary,  /  frontal, 
/  jugal,  /  lacrimal,  mx  maxillary,  na  nasal,  occ  occipital,  pf  postfrontal,  pmx 
premaxillary,  po  postorbital,  prf  prefrontal,  q  quadrate,  qj  quadratojugal,  .sang 
surangular,  sm  septomaxillary,  sq  squamosum,  t  tabular. 
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microsaurs  than  in  the  larger  anthracosaurs.  There  is  the  tendency 
towards  smaller  external  nares  (compared  to  the  length  of  the 
skull).  In  E.  bonneri,  the  external  nares  are  even  more  enlarged, 
while  C.  sternbergi  shows  the  tendency  towards  smaller  external 
nares  as  in  other  Tuditanomorpha. 

(5,6,13)  Number  of  teeth  on  premaxillary,  on  maxillary,  and 
on  the  margin  of  the  lower  jaw:  The  number  of  teeth  is  high  in 
primitive  Tuditanomorpha  as  in  Microbrachomorpha.  The  number 
of  teeth  on  all  three  bones  is  reduced  in  all  families  of  Tuditano- 

morpha compared  to  the  Tuditanidae.  Seven  premaxillary  teeth 
interpreted  as  the  primitive  state  occur  in  some  members  of  the 
Tuditanidae  and  Microbrachomorpha.  In  the  more  advanced 
tuditanomorph  families  the  number  is  reduced  to  five;  in  the 
Pantylidae  to  three.  The  later  reduced  number  also  occurs  in  two 

species  of  Gymnarthridae  (£.  peabodyi  and  E.  primus),  a  syna- 
pomorphy  of  these  two  species  and  a  convergence  in  Pantylidae 

assumed  after  the  phylogenetic  position  of  both  groups.  Gym- 
narthridae have  fewer  marginal  teeth  on  the  maxillary  and  the 

lower  jaw.  Only  the  Pantylidae  have  less  teeth  on  the  lower  jaw 
than  the  Gymnarthridae. 

(7)  Number  of  small  teeth  behind  enlarged  teeth  on  tlie  maxil- 

lary: A  differentiation  between  premaxillary  teeth  ("incisors")  and 
maxillary  teeth  occur  in  Pantylus  and  Gymnarthridae.  In  Pantylus 

the  first  maxillary  tooth  is  enlarged  ("canine"),  while  all  maxillary 
teeth  are  enlarged  in  Gymnarthridae  except  the  most  posterior  ones. 
The  enlargement  of  maxillary  teeth  includes  progressively  more 
posterior  teeth  so  that  fewer  and  fewer  small  teeth  are  found  in 
the  posterior  part  of  the  maxillary. 

(8)  Retroarticular  process:  A  retroarticular  process  is  found 
only  in  the  largest  representative  within  the  Gymnarthridae. 

(9)  Shape  of  lacrimal  at  the  anterior  margin  of  the  orbit:  The 
lacrimal  extends  from  the  external  naris  to  the  orbit  in  all  micro- 

saurs. It  has  a  ventral  extension  along  the  margin  of  the  orbit,  and 
it  meets  the  rostral  extension  of  the  jugal.  That  is  the  shape  of  the 
lacrimal  found  in  nearly  all  inicrosaurs,  but  the  lacrimal  extends 
dorsally  along  the  anterior  margin  of  the  orbit  in  some  forms 
(Crinodon  within  the  Tuditanidae;  Pariotichus,  Euryodus,  and 
Cardiocephalus  within  the  Gymnarthridae;  Pelodosotis  within  the 

Ostodolepidae;  and  the  holotype  of  Micraroter),  This  shape  is  ac- 
quired    in    parallel    in   these   families   because    their   more   primitive 
members  lack  this  Feature.   The  shape  is  very  similar  to  the  shape 
of    the    lacrimal    in    captorhinomorphs,    another    parallel    evolution. 
The  ventral  extension  may  be  reduced  in  Cardiocephalus  sternbergi. 

( 10;    Quadratojugal:    The   elongated,    narrow   shape    of   the 

quadratOJUgal  IS  one  ol  the  advanced  characters  of  the  Gymnarth- 
ridae and  Goniorhynchidae  (Fig.  3).   The  quadratojugal  is  primi- 
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tively  situated  between  the  jugal  and  the  quadrate.  It  extends 
rostrad  below  the  jugal  in  some  gymnarthrids,  and  it  reaches  the 
maxillary  in  E.  primus  and  possibly  in  E.  peabodyi  also. 

(11)  Posterior  margin  of  the  skull  table:  In  dorsal  view  straight 
posterior  margin  of  the  skull  table  is  the  common  feature  of 
gymnarthrids  above  Tuditanidae  (Fig.  3).  The  margin  becomes 
convex  with  the  backward  inclination  of  the  posterior  margin  of 
the  cheek  region  in  Cardiocephalus  sternbergi,  and  to  some  extent 
in  E.  peabodyi.  E.  primus  shows  a  tendency  towards  this  feature 

(Carroll  and  Gaskill,  1978,  Fig.  36-38). 
(12)  Posterior  margin  of  the  cheek  region:  A  vertical  posterior 

margin  of  the  cheek  region  is  primitive  within  Tuditanomorpha 

(Fig.  3).  Burrowing  forms  tend  to  have  a  forward-inclined 
posterior  margin  of  the  cheek  region.  That  seems  to  be  the  tendency 
in  one  gymnarthrid  species,  E.  primus  (after  the  restoration  by 
Carroll  and  Gaskill,  1978,  Fig.  37),  but  otherwise  gymnarthrids 

tend  to  have  a  backward-inclined  posterior  margin  of  the  cheek, 
with  the  most  extreme  example  being  Cardiocephalus  sternbergi. 

Only  the  Permian  gymnarthrid  genera  are  sufficiently  known  to 
evaluate  their  interrelationships.  Three  genera,  Cardiocephalus , 
Euryodus,  and  Pariotichus,  are  known  from  the  Permian  of  Texas, 
Oklahoma  and  Kansas.  Carroll  and  Gaskill  (1978)  placed  C.  cf. 

sternbergi  as  E.  dalyae  into  the  genus  Euryodus  because  of  differ- 
ence in  size  with  both  genera,  Euryodus  and  Cardiocephalus,  con- 

taining two  species.  There  exist  more  differences  between  the  two 
genera  than  simply  size  (Figs.  5,  6).  Cardiocephalus  (Fig.  5D) 
has  a  long,  low  skull  with  a  large  postorbital  length,  and  the  jaw 

articulation  lies  far  rostrad  from  the  occiptal  condyle-atlas  articula- 
tion (distance  nearly  25%  of  skull  length)  as  compared  with  other 

gymnarthrids.  The  posterior  margin  of  the  cheek  is  strongly  in- 
clined backwards  comparable  to  the  situation  in  Rhynchonkos  ( Fig. 

5J).  The  external  naris  is  the  smallest  within  the  gymnarthrids. 
The  lower  jaw  possesses  a  high  coronoid  process. 

In  contrast  to  Cardiocephalus,  Euryodus  (Fig.  5F,H)  shows  a 
short  distance  between  the  occipital  condyle-atlas  articulation  and 
the  jaw  articulation  (about  12%  of  skull  length).  The  occiput  is 
nearly  straight  or  slightly  inclined  posteriorly.  The  external  naris 
is  large  even  in  proportion  to  the  large  orbit  (up  to  50%  of  orbit 
length).  The  teeth  are  enlarged,  and  one  prominent  feature  which 
caused  us  difficulties  at  first  is  the  long  prefrontal  reaching  the 
external  naris,  a  feature  found  in  nearly  all  specimens  of  Euryodus 
and  in  the  type  specimen  of  Micraroter  (but  not  in  BPI  3839).  The 
lacrimal  exhibits  a  process  dorsally  on  the  anterior  margin  of  the 
orbit  as  in  Pariotichus,  and  the  quadratojugal  is  prolonged  rostrad 
so  that  it  meets  the  maxillary  in  the  type  species  of  the  genus.  If 
we  apply  these  characters  on  the  four  species  assigned  by  Carroll 
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SAXONERPETON  PARIOTICHUS 

LEIOCEPHALIKON 

pf>po  pf=po 

EURYODUS 

bonnen dalyae 
peabodyi 

p(=po 
pf  =  po pf  =  po 

CARDIOCEPHALUS 

primus  slernbergi 

Autapomorphy 

apomorphy 

~-il    Questionable 

Synapomorphy 

20.40.55,70-120 

Ficure  6. — Interrelationship  of  genera  and  species  of  the  family  Oym- 
narthridae  and  Saxonerpeton.  pf  postfrontal,  po  postorhital.  (1)  Prefrontal: 
(1.0)  far  from  external  nares,  (1.1)  close  to  externa]  nares,  (1.2)  reaching 
external  nares.  (2)  Position  of  the  jaw  articulation:  (2.0)  close  in  front  (less 

than  H'a  of  skull  length),  (2.1)  in  front  (between  10'.'  and  14%  of  skull  length), 
(2.2)  far  in  front  of  occipital  condyle-atlas  articulation  (21'.'  of  skull  length). 
(3)  Size  of  orbit:  (3.0)  very  large  (more  than  25%  of  skull  length),  (3.1) 

larye  ( 20-25%  of  skull  length),  (3.2)  medium  (below  20',  of  skull  length).  (4) 
Size  of  external  nares:  (4.0)  large,  (4.1)  very  large,  (4.2)  medium.  (5) 
Number  d  teeth  on  premaxillary:  (5.5)  5,  (5.4)  4,  (5.3)  3.  (0)  Number  of 
teeth  on  maxillary:    (0.22)  22,  (0.12)   12,  (0.10)   10.    (7)  Number  of  small 
teeth  behind  enlarged  teetl    Hie  maxillary:    (7.0)  no  enlarged  teeth,  (7.1) 
I,  (7.2)  much  enlarged  teeth    |    3  small  behind  (exception,  type  specimen  of 

/•.'.  primus),   (7.21)   one  tooth   very  much  enlarged,    (7.3)   2  small    behind.    (8) 
Retroarticular  process:  (8.0)  absent,  (8.1)  present.  (0)  Shape  of  lacrimal  at 

ili>-  anterior  margin  of  the  orbit:  (9.0)  only  ventral  process,  (0.1)  dorsal  and 
ventral  process,  (0.1 1)  deep  dorsal  process,  (0.2)  ventral  process  shortened. 
(10;  Quadratojugal:  (10.0)  well  separated  from  maxillary,  behind  jugal, 
(10.1)  reaching  below  jugal,  (10.11)  reaching  far  rostrad  below  jugal  and 
meeting  maxillary.    (11)  Posterior  margin  of  the  skull  table:    ( 1 1.0)  straight, 
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and  Gaskill  (1978)  to  Cardiocephalus  and  Euryodus,  we  have  to 
assign  only  sternbergi  to  Cardiocephalus,  and  the  other  three 
species  to  Euryodus.  The  described  specimen  shows  the  charac- 

teristics of  Euryodus,  and  must  be  assigned  to  Euryodus  as  a  new 
species. 

Revised  Diagnoses 

Cardiocephalus  Broili,  1904 

Small  gymnarthrid  microsaur  with  long,  low  skull.  Jaw  articula- 
tion far  anterior  to  the  occipital  condyle-atlas  articulation,  posterior 

margin  of  the  cheek  region  strongly  inclined  posteriorly.  Long 

postorbital  length  (about  twice  the  antorbital  length).  Small  ex- 
ternal nares  with  only  the  lacrimal  on  the  posterior  margin,  pre- 

frontal reaching  rostrad  half  the  distance  between  orbit  and 
external  naris.  Medium  sized  orbits.  High  coronoid  process  on 
lower  jaw.  Stapes  imperforate.  Exoccipital  not  deeply  notched  to 
incorporate  vagus  foramen.  Rows  of  teeth  on  pterygoid,  vomer, 
ectopterygoid  and  palatine,  but  no  palatal  shagreen  of  denticles. 

Type  species  and  only  species : 
Cardiocephalus  sternbergi  Broili,  1904 

Euryodus  Olson,  1939 

Medium  to  large  gymnarthrid  microsaur.  Skull  elongated  with 

widely  rounded  snout,  jaw  articulation  anterior  to  occipital  condyle- 
atlas  articulation.  Posterior  margin  of  the  cheek  region  straight  or 

slightly  inclined  posteriorly.  Large  external  nares,  prefrontal  reach- 
ing or  nearly  reaching  the  posterior  margin  of  the  external  nares. 

Quadratojugal  extending  rostrad  below  the  jugal.  Stem  of  stapes 

perforate.  Opening  of  vagus  nerve  penetrating  exoccipital.  Sha- 
green of  teeth  on  the  palate  region,  one  row  of  teeth  on  ectoptery- 

goid and  palatine. 

Type  species:  Euryodus  primus  Olson,  1939 

The  type  species  E.  primus  is  characterized  by  an  enlarged 
single  tooth  on  the  maxillary  below  the  orbit;  E.  peabodyi  shows 
the  same  feature  to  a  reduced  extent  ( KU  VP  8967 ) .  The  occiput  of 
Euryodus  primus  is  slightly  inclined  forward  in  the  dorsal  part. 
Another  characteristic  feature  of  the  species  is  the  retroarticular 

(11.1)  convex.  (12)  Posterior  margin  of  the  cheek  region:  (12.0)  straight, 
(12.1)  inclined  backward,  (12.11)  inclined  strongly  backward,  (12.2)  straight 
and  dorsally  inclined  forward.  ( 13 )  Number  of  teeth  on  the  margin  of  the 
lower  jaw:    (13.22)  22,  (13.12)  12,  (13.10)   10. 
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process.  The  species  most  closely  related  to  E.  primus  is  E.  pea- 
bodyi. Both  species  have  the  most  reduced  number  of  premaxillary 

teeth  (3)  within  the  gymnarthrids.  In  both  species,  the  quad- 
ratojugal  reaches  rostrad  below  the  jugal  or  close  to  the  maxillary. 
The  lacrimal  extends  a  dorsal  process  high  up  on  the  rostral  margin 
of  the  orbit.  E.  peabodyi  is  smaller  than  E.  primus,  the  orbit  being 
larger,  and  the  external  nares  smaller  in  proportion  to  the  length 
of  the  orbit.  Both  species  are  easy  to  distinguish  by  the  inclination 
of  the  posterior  margin  of  the  cheek  region  (E.  primus  straight 
and  forward,  E.  peabodyi  backward),  and  the  posterior  margin  of 
the  skull  table  (straight  in  E.  primus,  convex  in  E.  peabodyi). 
Nearly  as  large  as  the  type  species  is  E.  dahjae.  The  teeth  are  more 

rounded,  blunter  cones  than  in  the  other  two  species.  The  pre- 
maxillary bears  five  teeth  as  in  E.  bonneri  and  in  more  primitive 

gymnarthrids.  The  maxillary  bears  ten  teeth  like  other  species  of 
Euryodus  and  Cardiocephalus.  The  prefrontal  reaches  the  external 
nares,  and  the  dorsal  process  of  the  lacrimal  at  the  anterior  margin 

of  the  orbit  is  shorter  than  in  the  two  first  species.  The  quad- 
ratojugal  is  low,  and  reaches  just  below  the  jugal.  There  are  only 
ten  teeth  on  the  lower  jaw  as  few  as  in  C.  sternbergi  whereas  the 
three  other  species  of  Euryodus  have  12  or  13  teeth  on  the  lower 
jaw.  Characters  in  common  in  E.  dahjae  and  E.  bonneri  are 

primitive  characters  within  the  genus  and  in  themselves  not  con- 
clusive enough  to  oppose  both  species  to  E.  peabodyi  and  E.  primus. 

The  peculiarly  shaped  suture  between  tabular  and  postparietal  on 
the  occiput  indicates  a  closer  relationship  of  both  species. 

E.  bonneri  has  a  very  narrow  skull.  The  teeth  are  not  blunt  as 
in  the  other  species;  on  the  contrary,  they  are  very  pointed  at  least 
on  the  lower  jaw.  The  prefrontal  reaches  the  external  naris  broadly. 
The  external  nares  are  very  large,  with  their  length  reaching  half  of 
the  length  of  the  very  large  orbit.  Although  the  teeth  are  very 
different  from  the  other  three  species  of  Euryodus,  in  all  other 
features  the  described  specimen  differs  only  slightly  from  the  other 
species. 

The  third  Permian  gymnarthrid  genus  from  Texas,  Pariotichus, 
is  very  difficult  to  separate  from  Euryodus,  because  the  preservation 
of   the  skull  is  SO  poor.    The  prefrontal  does  not  reach  the  external 
naris,  but  it  comes  as  close  as  in  the  type  specimen  of  E.  primus. 

I  In-  lacrimal  lias  a  dorsal  process  on  the  anterior  margin  of  the  orbit 
as  in  Euryodus.  There  may  be  an  elongated  quadratojugul  which 
COtlld  have  reached  the  maxillary.  The  maxillary  bears  more  teeth 

I  12)  than  are  usually  found  in  I'.uryodus  (10).  It  is  difficult  to 
decide  how  closely  P.  brachyop8  is  related  to  Euryodus  because  of 
lack  of  sufficient  information.  It  is  left  as  a  separate  genus  more 
closely  related   to  Euryodus. 

We  argued  above  that  the  Permian  European  genus  Saxotwrpe- 
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ton  may  belong  in  the  family  Gymnarthridae.  Saxonerpeton  is  a 
very  small  form,  and  like  other  small  forms,  it  possesses  a  very 
large  orbit  compared  to  the  length  of  the  skull.  Saxonerpeton  is 
adapted  to  an  aquatic  life,  in  contrast  to  the  tendency  to  terrestrial 
adaptation  in  Tuditanomorpha  as  indicated  by  the  groove  for  a 
lateral  line  on  the  jugal  of  Saxonerpeton  (Carroll  and  Gaskill, 
1978:  38).  The  large  mouth  opening,  peglike  teeth,  and  the  high 
number  of  teeth  agree  with  this  interpretation.  These  are  primitive 
features  within  the  Tuditanomorpha,  and  they  distinguish  the 

genus  from  all  other  genera  within  the  family,  but  are  not  autapo- 
morphies  for  the  genus  itself. 

It  is  difficult  to  deal  with  the  other  Carboniferous  genera 
(Sparodus,  Leiocephalikon,  and  Hylerpeton)  within  the  family 
because  of  scarcity  of  remains  (Carroll  and  Gaskill,  1978:  72).  The 
best  known  of  the  three  genera  is  Leiocephalikon.  The  twelve  teeth 
in  the  maxillary  compare  with  Pariotichus;  the  twelve  teeth  in  the 
lower  jaw  compare  with  three  of  the  four  Euryodus  species.  The 
number  in  Hylerpeton  (15)  and  Sparodus  (17)  is  higher.  All  other 

known  features  of  Leiocephalikon  are  primitive  within  the  Gym- 
narthridae. There  exists  a  close  resemblance  in  the  sutures  between 

the  skull  bones  in  Leiocephalikon  and  Trachystegos.  The  frontals 
have  the  same  outline  ( compare  Carroll  and  Gaskill,  1978,  Fig.  46A 
with  Carroll,  1966,  Fig.  11A):  an  emargination  on  the  lateral 
border,  a  posterolateral  process  of  the  right  frontal,  a  posteromedial 
process  of  the  left  frontal  in  between  the  parietals,  and  a  projection 
of  the  right  frontal  into  the  left.  The  suture  between  the  parietals 
has  the  same  course.  The  maxillary  has  a  similar  dorsal  extension 

in  front  of  the  orbit  in  both  specimens.  But  there  is  a  distinct  differ- 
ence in  size:  Trachystegos  is  nearly  three  times  as  large  as  Leioce- 

plwlikon.  This  size  difference  explains  the  more  exaggerated  sculp- 
ture, the  smaller  pineal  opening,  and  the  larger,  more  blunt  teeth 

in  Trachystegos.  There  exists  the  possibility  that  Trachystegos  is 
the  adult  form  of  Leiocephalikon,  but  further  research  is  required. 
The  differences  could  give  us  some  indication  about  changes  during 
ontogeny,  assuming  the  interpretation  is  correct.  For  example,  the 
number  of  teeth  decreases  from  12  in  the  lower  jaw  of  Leiocephali- 

kon to  10  in  the  lower  jaw  of  Trachystegos. 
In  conclusion,  Euryodus  and  Cardiocephalus  can  easily  be 

distinguished,  and  their  relationship  can  be  settled.  Pariotichus  is 
close  to  Euryodus.  The  relationship  of  all  the  other  genera  of  the 
Gymnarthridae  (Saxonerpeton,  and  the  Carboniferous  genera)  is 
not  possible  to  define  sufficiently  because  ol   lack  of  data. 



24  OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

SUMMARY 

The  families  within  the  suborder  Tuditanomorpha  of  the  order 

Microsauria  have  been  arranged  in  a  phylogenetic  scheme.  The 
Pantylidae  are  not  much  removed  from  the  ancestral  form  they 

share  with  the  most  primitive  family,  the  Tuditanidae.  The  jaw 

articulation  moves  relatively  more  anteriorly  to  the  occipital 

condyle-atlas  articulation  in  the  other  families.  Gymnarthridae 
and  Goniorhynchidae  are  the  two  families  most  closely  related  to 

each  other.  The  Ostodolepidae  is  the  most  specialized  family. 
Ricnodon  seems  to  be  close  to  the  Tuditanidae.  Saxonerpeton  is 

assigned  to  the  Gymnarthridae.  Trachystegos  has  many  close  simi- 

larities with  Leiocephalikon,  and  may  be  conspecific  with  Leioce- 
phalikon  as  the  adult  form.  Micraroter  (the  type  specimen)  has 

certain  features  in  common  with  Goniorhynchidae  and  Gymnarth- 
ridae which  are  not  shared  by  the  second  specimen  (BPI  3839v) 

attributed  to  the  same  species  by  Carroll  and  Gaskill  (1978). 

The  interrelationship  of  the  Permian  gymnarthrid  genera  has 

been  established,  but  this  was  not  possible  for  the  Carboniferous 

genera  because  of  lack  of  information.  The  genera  Cardiocephahts 

and  Euryodus  have  been  redefined.  Cardiocephahts  encompasses 

only  one  species  (sternbergi),  but  Euryodus  four,  including  the 
new  species  E.  bonneri.  E.  bonneri  is  the  most  primitive  species 

within  the  genus  Euryodus.  The  specimen  of  E.  bonneri  has  been 

discovered  from  supposedly  aquatic  deposits  of  the  Lower  Permian 
of  Kansas,  about  equal  in  age  to  the  deposits  where  Pariotichus  has 
been  found  in  Texas.  E.  bonneri  is  therefore  the  oldest  species 

within  the  genus  Euryodus. 
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A  NEW  HYLID  FROG  OF  THE  GENUS 
PLECTROHYLA  FROM  A  CLOUD  FOREST 

IN  HONDURAS 

By 

James  
R.  McCranie1  

and  Larry  
David  

Wilson2 
The  hylid  genus  Plectrohyla  is  a  notable  component  of  the  high- 

land forest  herpetofauna  of  northern  Middle  America.  The  ten 
known  species  occur  from  southeastern  Oaxaca,  Mexico,  southward 
to  western  Honduras  and  El  Salvador  (Duellman,  1970).  Recent 
work  in  the  relatively  poorly  known  cloud  forests  of  Honduras  has 
produced  two  new  frog  taxa  (McCranie  et  al,  1980),  including  a 
new  species  of  Plectrohyla  described  herein.  Prior  to  this  discovery, 

only  one  species  of  Plectrohyla  (P.  guatemalensis)  had  been  re- 
ported from  Honduras  ( Duellman,  1970;   Meyer  and  Wilson,  1971 ) . 

In  April  of  1979  and  May  of  1980,  we  visited  the  cloud  forest 
of  the  Sierra  de  Omoa  in  northwestern  Honduras  and  worked  in 

the  region  of  Cerro  Cusuco  in  the  highest  elevations  of  that  range. 
Along  the  Quebrada  Cusuco  we  collected  several  representatives  of 
an  undescribed  species  of  Plectrohyla,  which  we  here  name 

Plectrohyla  dasypus  new  species 

( Figure  1 ) 

Holotype. — KU  186025,  an  adult  male  from  along  the  Quebrada 

Cusuco  at  El  Cusuco  (15°30'N,  88°13'W),  a  finca  located  5.6  km 
WSW  Buenos  Aires  (the  latter  locality  about  19  km  N  Cofradia), 

1580  m,  Sierra  de  Omoa,  Departamento  de  Cortes,  Honduras,  ob- 

1 10770  S.  W.  164th  Street,  Miami,  Florida  33157. 
2  Division    of    Intercurricular    Studies,    Miami-Dade    Community    College, 

South  Campus,  Miami,  Florida  33176. 
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Fig.  l.—Plectrohyla  dasypus,  KU  186027,  $  ,  40.0  mm. 

tained  on  14  April  1979  by  James  R.  McCranie  and  Larry  David 
Wilson. 

Paratypes. — KU  186026-28,  James  R.  McCranie  and  Larry  David 
Wilson,  14  April  1979;  KU  186029-31,  Gustavo  A.  Cruz  Diaz, 
James  R.  McCranie,  and  Larry  David  Wilson,  12-13  April  1979; 
KU  186032-34,  James  R.  McCranie  and  Larry  David  Wilson,  21-22 
May  1980;  all  from  along  the  Quebrada  Cusuco  at  El  Cusuco  be- 

tween elevations  of  1530-1660  m. 

Definition. — A  species  of  Plectrohyla  distinguished  from  its 
congeners  by  the  following  combination  of  characteristics:  small 

size  (31.5-44.0  mm  snout- vent  length);  dorsum  smooth  to  weakly 
tuberculate;  vocal  slits  present;  no  vertical  rostral  keel;  prepollical 
spur  short,  flat,  blunt;  dorsum  bronze  and  venter  gray,  without  a 
dark  lateral  line  or  row  of  dark  spots. 

Description  of  liolotype. — Adult  male  with  snout-vent  length 
(SVL)  of  44.0  mm;  tibia  length  21.5  mm,  48.9  percent  of  SVL; 
foot  length  19.5  mm,  44.3  percent  of  SVL;  head  length  13.2  mm, 
30.0  percent  of  SVL;  head  width  14.7  mm,  33.4  percent  of  SVL. 
Snout  short  (4.0  nun  in  length),  distance  from  anterior  edge  of 
orbit  to  tip  of  snout  80  percent  of  diameter  of  eye;  snout  truncate  in 
lateral  profile,  in  dorsal  profile  aeuininate,  lacking  a  vertical  rostral 
keel;  canthal  ridge  thickened;  loreal  region  slightly  concave;  lips 
moderately  thickened,  barely  flared.  Nostrils  protuberant,  directed 

dorsolateral!)',  situated  near  tip  of  snout;  internarial  distance  3.2 
mm;  internarial  area  slightly  depressed  near  point  of  convergence 
<>l  canthal  ridges;  toj)  of  head  flat;  interorbital  distance  4.8  mm,  32.7 
percent  of  head  width;  diameter  of  eye  5.0  mm;  width  of  eyelid 



A  NEW  HYLID  FROG  OF  THE  GENUS  PLECTROHYLA  3 

4.1  mm,  27.9  percent  of  head  width.  Heavy  dermal  fold  extending 
posteriorly  from  posterior  edge  of  orbit,  barely  covering  upper  edge 

of  tympanum;  remainder  of  tympanum  distinct;  length  of  tympa- 
num 2.2  mm,  44.0  percent  of  eye  diameter. 

Arms  robust,  forearm  slightly  heavier  than  upper  arm;  distinct 
transverse  fold  on  wrist.  No  axillary  membrane.  Fingers  long, 
slender;  length  of  fingers  from  shortest  to  longest,  1-2-4-3;  disc  on 
third  finger  slightly  smaller  than  tympanum;  webbing  vestigial; 
subarticular  tubercle  large,  subcorneal;  terminal  tubercle  on  fourth 
finger  normal;  supernumerary  tubercles  in  single  rows  on  proximal 
segments  of  fingers;  prepollex  short,  flat,  blunt,  nonbifurcate,  bone 
not  protruding  through  skin.  Heels  overlapping  slightly  when 
hind  limbs  adpressed;  no  transverse  dermal  fold  on  heel;  inner 
tarsal  fold  extending  full  length  of  tarsus;  no  outer  tarsal  fold;  inner 
metatarsal  tubercle  ovoid,  visible  from  above;  no  outer  metatarsal 
tubercle.  Toes  long,  slender;  length  of  toes  from  shortest  to  longest, 

1-2-5-3-4,  fifth  toe  nearly  as  long  as  third;  discs  moderately  large; 
subarticular  tubercles  moderately  large,  subconical;  supernumerary 
tubercles  small,  in  single  row  on  proximal  segment  of  each  digit; 

toes  about  three-fourths  webbed;  webbing  extending  from  base  of 
penultimate  phalanx  of  first  toe  to  penultimate  phalanx  of  second, 
from  base  of  disc  of  second  to  base  of  penultimate  phalanx  of  third, 
from  base  of  disc  of  third  to  base  of  penultimate  phalanx  of  fourth 
and  on  to  base  of  disc  of  fifth  toe. 

Anal  opening  directed  posteroventrally  at  level  of  mid-thigh; 
anal  sheath  short,  broad.  Skin  on  dorsal  surfaces  and  throat  weakly 
tuberculate,  on  chest,  belly,  and  ventral  surfaces  of  thighs  and  anus 
granular,  on  ventral  surfaces  of  shanks  smooth.  Tongue  nearly 
round,  shallowly  notched  anteriorly  and  posteriorly  and  barely  free 

behind.  Upper  jaw  shallowly  notched  medially.  Maxillary-pre- 
maxillary  teeth  spatulate,  58-60;  prevomerine  teeth  4-4,  situated  on 
small  elliptical  elevations  between  quadrangular  choanae;  vocal  slits 
present. 

Color  in  life:  dorsum  bronze  with  small  scattered  black  spots; 
black  stripe  along  canthus  and  above  tympanum  to  above  ami; 
mottled  bronze  and  black  subocular  blotch  present;  venter  and 
hidden  leg  areas  dark  gray;  toe  webbing  gray;  eye  copper  with 

black  reticulations;  chin  gray  with  a  bronze  patina.  Color  in  pre- 
servative: dorsum  dark  gray  with  small  scattered  black  spots; 

venter  gray. 

Variation. — Measurements  and  proportions  of  all  specimens  are 
given  in  Table  1.  Four  of  the  six  male  paratypes  have  snout-vent 
lengths  of  39.0-42.5  mm  and  have  hypertrophied  forelimbs.  The 
other  two  males  have  snout-vent  lengths  of  31.8  and  35.9  mm  and 
do  not  have  hypertrophied  forelimbs.  One  male  ( KU  186029)  with 
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Table    1.     Variation    in    measurements    (in    millimeters)    and   proportions    in 
Fleet rohyla  clasypus.    Character  abbreviations  are  in  brackets.    Means  are  in 

parentheses  following  ranges. 

Character Males  (n=7) Females  (n=3) 

Snout- Vent  length  [SVL] 31.8-44.0  (39.0) 31.5-44.0  (37.5) 

Tibia  length  [TL] 17.3-21.5  (19.9) 17.0-22.5   (19.3) 

(TL/SVL) 48.9-54.4  (51.3) 50.0-54.0  (51.7) 
Foot  length  [FL]) 14.5-19.5  (16.8) 14.5-18.0  (16.1) 

(FL/SVL) 41.3-45.6  (43.2) 41.0-46.0  (43.2) 

Head  length  [HL] 10.0-13.2  (11.7) 10.1-12.8  (11.6) 

(HL/SVL) 27.8-32.0  (30.0) 29.1-32.2  (31.1) 

Head  width  [HW] 11.5-14.7  (13.5) 11.2-15.0  (13.1) 

(HW/SVL) 33.4-36.5  (34.8) 34.1-35.6  (34.9) 

Snout  length  [SL] 2.5-4.0  (3.1) 2.5-3.2  (2.9) 

(SL/ED) 63.8-80.0  (71.8) 64.6-76.2  (68.9) 

Eye  diameter  [ED] 3.8-5.0  (4.4) 3.8-4.8  (4.3) 

Internarial  distance  [IND] 1.8-3.2  (2.3) 1.8-2.8  (2.3) 

Interorbital  distance  [IOD] 4.0-5.0  (4.5) 4.0-5.2  (4.6) 

(IOD/HW) 31.1-36.0  (33.3) 34.6-35.7  (35.0) 

Eyelid  width  [EW] 3.2-4.2  (3.8) 2.8-4.0  (3.6) 

(EW/HW) 25.0-29.6  (27.9) 25.0-30.0  (27.2) 

Tympanum  length  [TL] 1.7-2.2  (2.0) 1.7-2.2  (1.9) 

(TL/ED) 42.2-52.5  (45.7) 44.7-45.8  (45.2) 

a  snout-vent  length  of  42.5  mm  has  minute  spines  on  the  prepollex 
and  the  median  surface  of  the  first  finger. 

The  color  pattern  of  the  male  paratypes  is  essentially  like  that  of 
the  holotype.  The  dorsa  of  the  smallest  (KU  186028)  and  largest 

(KU  186033)  females  were  bronze  in  life  with  small  scattered  black 

spots  outlined  by  lime  green.  Other  details  of  dorsal  pattern  of  the 
females  are  like  those  of  the  holotype.  In  preservative,  the  venters 
of  the  three  females  are  somewhat  paler  than  those  of  the  males. 

Description  of  tadpole.— Three  tadpoles  (KU  186035)  are 
presumed  to  be  Plectrohyla  clasypus.  Two  are  in  developmental 
stage  40  (Gosner,  1960),  and  have  body  lengths  of  16.4  and  15.9 
mm,  and  total  lengths  of  42.2  and  44.0  mm,  respectively;  the  third 
is  in  developmental  stage  38  and  has  a  body  length  of  14.5  mm  and 
a  total  length  of  40.8  mm.  Description  of  latter  specimen  is  as 
Follows:  body  ovoid  in  dorsal  view;  snout  bluntly  rounded  in  dorsal 

profile;  eyes  small,  direeted  dorsolaterally;  nostrils  directed  antero- 
laterally  at  a  point  slightly  closer  to  eyes  than  to  tip  of  snout; 
spiracle  sinistral,  on  midline  at  midlength  of  body;  cloacal  tube 
long,  dextral;  caudal  musculature  moderately  robust,  extending 
Dearly  to  tip  ol  tail;  fins  shallow,  caudal  musculature  at  midlength  of 
t;iil  deeper  than  either  dorsal  or  ventral  fins;  dorsal  fin  not  extend- 

ing onto  body. 

In  preservative,  body  dark  grayish  brown;  caudal  musculature 
creamy  tan,  marked  with  dark  brown  flecks  throughout  length;   fins 
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translucent,  marked  with  dark  brown  spots,  spots  more  numerous 
on  dorsal  fin. 

Mouth  ventral,  a  little  over  half  as  wide  as  body  at  greatest 
width;  oral  disc  not  emarginate;  edge  of  oral  disc  completely 
bordered  by  single  row  of  small  papillae;  row  of  larger  papillae 
present  medially  to  fringing  row;  beaks  well  developed,  possesing 
long,  pointed  serrations  of  equal  length;  upper  beak  in  form  of 
broad  arch,  lacking  lateral  processes;  lower  beak  moderately  robust, 

broadly  V-shaped;  labial  tooth  formula  2(2)3,  upper  rows  long 
and  equal  in  length,  second  upper  row  narrowly  interrupted 
medially;  lower  rows  of  equal  length,  being  only  slightly  shorter 
than  upper  rows. 

Two  nearly  metamorphosed  individuals  were  collected.  One 
(KU  186037)  is  in  developmental  stage  44  (Gosner,  1960),  and 
has  a  body  length  of  16.7  mm  and  a  total  length  of  25.8  mm.  The 
other  (KU  186036)  is  in  developmental  stage  45  and  has  a  body 
length  of  17.1mm. 

Comparisons. — Duellman  (1970)  placed  the  ten  species  of 
Plectrohyla  then  known  into  two  groups.  One  group,  including 

P.  avia,  glandulosa,  guatemalensis,  hartwegi,  lacertosa,  and  pycno- 
chila  is  characterized  by  medium  to  large  size  (44.6-86.2  mm  mean 
snout- vent  length  in  adult  males)  and  absence  of  vocal  slits.  The 
second  group,  including  P.  ixil,  matudai,  quecchi,  and  sagorum,  is 

characterized  by  small  size  (33.1-42.2  mm  mean  snout- vent  length 
in  adult  males)  and  presence  of  vocal  slits. 

Plectrohyla  dasypus  has  vocal  slits  and  a  mean  snout-vent  length 
of  41.0  mm  in  five  males  with  hypertrophied  forelimbs  and  thus  is 
distinct  from  the  six  species  in  the  first  group.  A  vertical  rostral 
keel  is  lacking  in  Plectrohyla  dasypus,  whereas  it  is  present  in  P. 
sagorum  and  P.  quecchi.  Plectrohyla  dasypus  has  a  short,  flat,  blunt 
prepollical  spine.  In  P.  sagorum,  P.  quecchi,  P.  ixil,  and  P.  matudai 
the  prepollical  spine  is  long,  pointed,  and  distally  curved.  The 
dorsum  of  P.  dasypus  is  weakly  tuberculate,  that  of  P.  quecchi  and 
P.  matudai  is  tuberculate.  The  mean  snout-vent  length  of  adult 
males  of  P.  dasypus  is  41.0  mm.  Plectrohyla  ixil  is  slightly  smaller, 
with  a  mean  snout-vent  length  of  adult  males  of  38.9  mm  and  P. 
matudai  is  a  smaller  species  with  a  mean  snout-vent  length  of  adult 
males  of  33.1  mm.  Plectrohyla  ixil  has  a  broad  pale  lateral  stripe, 
bordered  below  by  a  dark  line  separating  the  color  of  the  dorsum 
from  that  of  the  venter;  this  pattern  is  lacking  in  P.  dasypus. 

The  tadpoles  presumed  to  be  Plectrohyla  dasypus  are  distin- 
guishable from  the  other  members  of  the  sagorum  group.  Plectro- 

hyla dasypus  tadpoles  lack  lateral  processes  on  the  upper  beak, 

whereas  P.  sagorum  tadpoles  have  moderately  robust  lateral  proc- 
esses. In  P.  dasypus  tadpoles  all  three  lower  rows  of  denticles  are  of 

equal  length,  whereas  in  P.  quecchi,  P.  ixil,  and  P.  matudai  the 
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third  lower  row  is  shorter  than  the  first  and  second.  In  P.  dasypus 
tadpoles  the  three  lower  rows  of  denticles  are  only  slightly  shorter 
than  the  two  upper  rows;  those  tadoles  of  P.  vx.il  and  P.  matudai  are 

noticeably  shorter  than  the  upper  rows.  Plectrohyla  dasypus  tad- 
poles have  the  upper  beak  in  the  form  of  a  broad  arch  and  its 

serrations  are  of  equal  length.  In  P.  matudai  tadpoles  the  upper 
beak  is  barely  arched  and  with  one  serration  on  either  side  greatly 
enlarged  into  fanglike  projection.  In  P.  ixil  tadpoles  there  are  three 
or  four  noticeably  enlarged  serrations  on  either  side  of  the  upper 
beak.  In  P.  dasypus  tadpoles  the  lower  beak  is  moderately  robust, 
whereas  in  P.  matudai  tadpoles  the  lower  beak  is  narrow. 

Natural  history. — The  specimens  of  Plectrohyla  dasypus  were 
collected  along  streams  in  relatively  undisturbed  hardwood  cloud 
forest  (Lower  Montane  Wet  Forest  formation  of  Holdridge,  1967). 
A  prominent  tree  in  the  canopy  layer  is  sweet  gum  ( Liquidambar 
styraciflua) .  In  general,  the  canopy  trees  bear  a  heavy  burden  of 

epiphytes,  including  bromeliads,  mosses,  fems,  orchids,  and  philo- 
dendrons.  The  middle  story  is  dominated  by  palms  and  tree  ferns. 

Various  small  palms  and  ferns,  ground-dwelling  bromeliads,  bam- 
boo, and  pepperomias  make  up  much  of  the  understory.  Three 

individuals  were  in  bromeliads  (one  on  a  stump,  and  the  other  two 
on  trees)  during  the  day.  Another  was  swimming  in  the  stream 
( Quebrada  El  Cusuco )  during  the  day,  and  the  remainder  were  on 
vegetation  along  the  Quebrada  El  Cusuco  and  a  tributary  thereof 
at  night.  Adults  of  Plectrohyla  guatemalensis  and  Ptychohyla 
spinipollex  also  were  collected  along  these  streams. 

Both  of  our  visits  were  during  the  latter  part  of  the  dry  season 
when  the  streams  were  clear  and  not  torrential,  a  condition  seem- 

ingly advantageous  to  the  larvae  of  stream-breeding  montane  frogs. 
Plectrohyla  tadpoles  were  seen  in  the  Quebrada  El  Cusuco  and  a 
tributary  on  both  trips.  During  the  first  visit  one  lot  was  collected 
(14  April  1979)  which  proved  to  be  Plectrohyla  guatemalensis. 
Of  the  lots  collected  (22  May  1980)  during  the  second  visit,  one  is 
referable  to  P.  dasypus.  In  addition,  two  individuals  which  had 
nearly  completed  metamorphosis  were  found  clinging  to  rocks  just 
above  the  stream  during  midmorning  of  21  and  22  May  1980. 

The  mating  call  of  Plectrohyla  dasypus  is  unknown.  One  female 
collected  22  May  1980  is  gravid. 

Etymology . — The  specific  name  is  the  generic  name  of  the  nine- 
banded  armadillo,  Dasypus  novemcinctus,  and  is  used  as  a  noun  in 
apposition.  The  name  refers  to  Cusuco,  the  local  name  for  the 
armadillo. 

SUMMARY 

A  new  species  of  tree  frog  Plectrohyla  dasypus  is  described  from 
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a  cloud  forest  in  the  Sierra  de  Omoa  of  Honduras.  The  new  species 
belongs  in  the  sagorum  group  as  defined  by  Duellman  (1970).  In- 

formation on  the  natural  history  is  presented  and  a  description  of 
the  tadpole  is  included. 

RESUMEN 

Una  nueva  especie  de  rana  arborea  ha  sido  descubierto  en 
Honduras.  La  nueva  especie  es  Plectrohyla  dasypus  y  pertenece  al 
grupo  de  los  sagorum  tal  como  los  define  Duellman  (1970).  In- 

formation sobre  la  historia  natural  es  presentada  y  una  description 
del  renacuajo  es  incluida. 
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LIFE  HISTORY  OF  THE  SLENDER  MADTOM, 

NOTURUS  EXILIS,  IN  SOUTHERN  ILLINOIS 

(PISCES:  ICTALURIDAE) 

By 

Richard  L.  Mayden  and  Brooks  M.  Burr1 

The  ictalurid  catfish  genus  Noturus,  commonly  referred  to  as 
madtoms,  presently  includes  25  described  (Taylor  1969,  Douglas 
1972,  Etnier  and  Jenkins  1980)  and  one  undescribed  species 
(Jenkins  1976 ) .  Noturus  is  the  largest  of  the  six  ictalurid  genera  and 
is  endemic  to  eastern  North  America.  Most  of  the  species  are  small 
(generally  reaching  a  maximum  size  of  less  than  100  mm  standard 

length),  primarily  nocturnal  and  cryptic  in  coloration  and  all  pos- 
sess toxins  associated  with  the  pectoral  and  dorsal  fin  spines  (Taylor 

1969). 
Much  of  the  literature  on  Noturus  has  been  of  a  faunal  or 

taxonomic  nature  and  contains  little  ecological  information  beyond 

that  of  habitat  preferences  and  associated  species.  No  in-depth 
ecological  studies  have  been  published  for  any  of  the  26  species; 
heretofore,  all  studies  have  been  limited  to  a  few  aspects  of  life 
history.  Taylor  (1969)  summarized  most  of  the  literature  on 

Noturus  prior  to  1967.  Since  Taylor's  summary,  a  few  studies  on 
Noturus  biology  have  been  published.  Carlson  (1966)  studied  age 
and  growth  of  N.  flavus;  Birkhead  (1972)  examined  toxicity  in 

seven  species;  Mahon  (1977)  studied  age  and  fecundity  of  a  popu- 
lation of  N.  gyrinus;  Menzel  and  Raney  ( 1973 )  discussed  hybridi- 
zation within  Noturus;  and  Mayden  et  al.  (1980)  presented  in- 

formation on  some  life  history  aspects  of  N.  albater. 
The  paucity  of  ecological  information  on  species  of  Noturus 

1  Department  of  Zoology,  Southern  Illinois  University,  Carhondale,  Illinois 
62901.  Present  address  (RLM):  Museum  of  Natural  History,  University  of 
Kansas,  Lawrence,  Kansas  66045 
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prompted  a  study  of  the  slender  madtom,  Noturus  exilis.  Natural 
history  studies  of  N.  exilis  (Fig.  1)  have  been  limited  to  habitat 
preference,  associated  species  (Taylor  1969)  and  a  brief  report  on 

food  habits  (Curd  1960).  The  range  of  N.  exilis  extends  from  east- 
ern Kansas  to  east-central  Tennessee  and  from  southern  Minnesota 

to  northern  Alabama  ( Taylor  1969 ) .  Recently,  Robison  and  Winters 

(1978)  discovered  N.  exilis,  for  the  first  time,  in  the  Red  River  drain- 
age, Oklahoma,  and  attributed  the  range  extension  to  a  probable 

bait-bucket  introduction.  It  is  the  purpose  of  this  paper  to  elucidate 
the  major  aspects  of  the  life  history  of  N.  exilis,  based  on  a  two-year 
study  conducted  in  southern  Illinois. 

STUDY  AREA 

Green  Creek,  7.2  km  W  Anna,  Union  County,  Illinois,  the  pri- 
mary area  chosen  for  study,  is  a  small,  spring-fed,  first-order  tribu- 

tary of  Clear  Creek  that  flows  entirely  through  upland  limestone 

beds  of  the  Shawnee  Hills.  The  substratum  is  predominately  va 
mixture  of  fairly  clean,  small  to  coarse  gravel  with  occasional  large 
rocks.  In  deep  pools,  the  typical  gravel  substratum  has  a  thin 
overlying  layer  of  sand,  silt  and  organic  debris.  Stream  width 
ranges  from  1.5  to  7.5  m;  water  depth  from  4  cm  in  riffles  to  about 
2  m  in  pools.  Most  of  the  stream  is  less  than  0.5  m  deep.  Stream 

banks  are  2-4  m  high  and  have  little  slope.  The  stream  system  is 
bordered  throughout  by  trees,  but  adjacent  land  through  which 
most  of  the  stream  flows  is  used  predominately  for  farming;  in  some 
regions  adjacent  land  is  heavily  forested.  Water  clarity  in  Green 
Creek  is  good  during  most  months  but  in  spring  and  early  summer 
is  somewhat  turbid  due  to  increased  farm  runoff.  Water  temper- 

ature ranges  from  a  low  of  1°C  in  January  to  a  high  of  32°C  in 
July. 

In  Green  Creek,  two  predominant  habitats  are  present  during 
most  of  the  year:  pools  and  riffles.  In  the  spring,  during  heavy 
rainfall,  those  habitats  are,  however,  not  discernible.  The  locations 
of  specific  habitats  in  the  study  area  vary  from  time  to  time  because 
of  the  shifting  gravel  substratum. 

Hutchins  ('reck,  a  second  study  area  used  for  nesting  obser- 
vations, 4.8  km  ENE  Wolf  Lake,  Union  County,  Illinois,  is  phys- 

ically similar  to  Green  Creek,  except  that  it  flows  mostly  through 
heavily-forested  land,  banks  arc  short  and  sloping,  water  is  usually 
clearer  and  the  stream  appears  to  be  more  stable.  Because  of 
Forested  lands  adjacent  to  Ilnlcliins  Creek,  less  flooding  occurs  in 

spring  and  summer  as  compared  to  Green  Creek.  The  barren  farm- 
lands bordering  most  of  the  Green  Creek  system  and  the  narrower 

stream  width  and  steeper  banks  enhance  frequent  flooding  of  the 

Stream.  The  Hutchins  (-'reek  site  is  located  about  8  km  N  of  the 
Green  (-'reek  site. 
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Fig.  1. — Noturus  exilis  from  Green  Creek.  Above,  100.0  mm  SL  male  in 
breeding  condition  collected  25  May  1979.  Below,  81.0  mm  SL  gravid  female 
collected  23  April  1979. 

The  portions  of  Green  and  Hutchins  creeks  where  nests  of  N. 
exilis  occur  are  all  similar  in  having  a  substratum  of  clean  gravel, 
very  little  sand  or  silt,  many  large  rocks  and  slow  current.    The 
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streams  in  these  areas  are  partially  shaded  at  some  time  of  the  day 
by  overhanging  trees,  but  are  in  direct  sunlight  at  other  times. 

MATERIALS  AND  METHODS 

Observations  and  minnow-seine  collections  were  made  at  Green 

Creek  between  6  November  1977  and  29  October  1979,  at  approxi- 
mately one-month  intervals.  During  the  breeding  season  obser- 
vations and  collections  of  nests,  eggs  and  nesting  adults  were  made 

two-three  times  a  week.  In  order  to  limit  the  effects  of  sampling 
on  the  Green  Creek  population,  monitoring  of  nesting  activity  was 
confined  mostly  to  Hutchins  Creek.  Observations  of  nesting  were 
made  only  in  the  summer  of  1979.  Some  observations  were  made  at 
Green  Creek  but  no  nesting  adults,  eggs  nor  larvae  were  taken. 

A  total  of  972  specimens  was  preserved  in  10  percent  formalin 

and  later  stored  in  70  percent  ethyl  alcohol.  All  specimens  are  de- 
posited in  the  Southern  Illinois  University  at  Carbondale  ichthyo- 

logical  collection.  Collections  were  made  by  habitat  (e.g.,  pools  and 
riffles),  except  during  periods  of  high  water  when  specific  habitats 
were  not  discernible,  and  specimens  from  each  habitat  were  kept 

separate  for  comparative  purposes.  Potential  predators  were  col- 
lected for  examination  of  stomach  contents. 

In  the  laboratory,  all  specimens  were  sexed,  measured  and  aged; 

adjusted  body  weights  (specimen's  weight  after  removal  of  stomach, 
intestine,  liver,  kidneys  and  gonads)  were  recorded  for  a  sample  from 
each  age  class,  representing  all  sizes  of  madtoms  in  the  age  class, 
of  each  monthly  sample  (N  =  249).  Gonads  of  all  specimens  were 
excised  and  examined  under  a  stereomicroscope  and  an  age  and 
size  sample  (N  =  243)  of  each  sex  was  weighed.  All  specimens 

and  gonads  were  weighed  after  blotting,  on  analytical  and  topload- 
ing  balances  and  weights  recorded  to  the  nearest  0.001  gm.  Stand- 

ard (SL)  and  total  lengths  (TL)  were  measured  to  the  nearest  0.1 
mm  with  dial  calipers.  The  gonadosomatic  index  (GSI)  is  the  gonad 
weight  as  a  proportion  of  adjusted  body  weight.  An  age  and  size 
sample  ol  each  collection  was  dissected  and  stomach  contents  and 
endoparasites  were  identified.  All  specimens  were  inspected  for 

external  parasites.  Relative  survival  of  each  year  class  was  calcu- 
lated by  expressing  the  number  of  individuals  in  that  year  class  as 

a  proportion  of  the  number  of  individuals  in  the  0  and/or  next 
youngest  year  class  (  Hieker  1975). 

Age  of  specimens  was  determined  by  counting  number  of  annuli 
on  cross-sections  of  pectoral  fin  spines  as  outlined  by  Marzolf  (1955) 
and  ClugSton  and  Cooper  (I960).  Preliminary  attempts  to  remove 
spines,  using  methods  outlined  by  Sneed  (1951),  yielded  unsatis- 

factory results  for  the  small  spines  of  N.  exilis;  the  spines  were 
frequently  broken.  A  method  that  lent  itself  to  successful  removal 
of   all  spines  consisted  of  the  following.    First,  the  muscle  around 
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the  base  of  the  spine  was  cut.  Then  the  tissue  was  removed  from 

the  outside  of  the  spine  and  the  spine  was  cut  free  from  the  re- 
mainder of  the  pectoral  fin.  The  spine  was  then  gently  manipulated 

until  it  could  be  pushed  in  a  postero-lateral  direction  to  rest  along 
the  side  of  the  abdomen.  The  spine  could  then  be  slowly  and  gently 
rotated  in  a  clockwise  (for  left  spine)  direction  by  hand,  rather 
than  pliers,  until  it  was  removed.  Pliers  tended  to  break  or  crush 
the  spines. 

Spines  were  mounted  and  sectioned  as  outlined  by  Clugston  and 
Cooper  (1960)  except  as  follows:  a  second  application  of  cement 
was  helpful  in  holding  the  spines  in  place  while  sections  were  cut 
and  the  circular  blade  was  reversed.  Reversing  the  blade  resulted 
in  a  smoother  cut  through  the  slide.  After  sections  were  cut,  they 
were  placed  on  microculture  slides  in  immersion  oil  and  observed 
by  means  of  transmitted  light  under  a  stereomicroscope  at  50X. 

As  in  Noturus  insignis  (Clugston  and  Cooper  1960),  Ictalurus 

punctatus  (Sneed  1951,  Marzolf  1955)  and  Cijprinus  carpio  (Carl- 
ton and  Jackson  1964),  cross-sections  of  N.  exilis  pectoral  fin  spines 

typically  had  narrow,  translucent  rings  (annuli)  alternating  with 

wider,  opaque  rings,  representing  winter  and  summer  growth,  re- 
spectively. For  age  class  0,  the  first  annulus  was  first  noted  in 

March  and  April.  Prior  to  those  months  spine  sections  of  age  0 
specimens  appeared  completely  dark.  Aging  to  month  was  done 
by  using  June,  the  month  of  greatest  breeding  activity,  as  month 
zero.  For  some  comparisons  males  and  females  were  divided  into 

young  (1-13  months  old)  and  adult  (14  months  or  older)  age 
groups. 

Diel  feeding  activities  were  examined  from  12  samples  of  five 

individuals  each  (N  =  60),  taken  at  two-hr  intervals  over  a  24-hr 
period.  Collections  were  begun  at  1600  hr  on  27  September  1979 
and  ended  at  1400  hr  on  28  September  1979.  For  the  60  individuals 
collected,  numbers  of  each  prey  taxon  and  the  condition  of  stomach 
contents  were  recorded.  An  index  of  digestion  (DI)  was  calculated 

by  weighting  the  condition  of  stomach  contents  using  a  scale  of  0-5 
as  follows:  0-empty,  1-well  digested,  2-moderate  digestion,  3- 
partial  digestion,  4-only  minor  signs  of  digestion,  5-no  digestion 
(fresh  material).  A  mean  value  was  obtained  for  each  hour  by 
multiplying  the  number  of  individuals  of  each  digestion  class  taken 
during  the  hour  times  the  value  of  that  class  (0-5),  summing 
all  values,  and  dividing  by  5.  For  example,  if  individuals  were 
scored  as  all  containing  class  4  stomach  contents,  then  the  weighted 
value  for  that  would  be  4  (i.e.,  5x4  =  20/5  =  4). 

Development  of  A7,  exilis  was  examined  from  six  clutches  of 
eggs,  one  spawned  in  the  laboratory  and  five  taken  from  Hutchins 
Creek.  The  clutch  spawned  in  a  19  liter  aquarium  was  fertilized  at 
approximately  0600  hr,  13  June  1979.   The  ages  of  the  five  clutches 
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(at  the  time  of  capture)  from  Hutchins  Creek  were  estimated  from 

stages  obtained  from  the  clutch  spawned  and  reared  in  the  labo- 
ratory. All  eggs  and  larvae  were  reared  in  charcoal-filtered  tap 

water  in  111  mm  diameter  culture  dishes.  Dishes  were  aerated  with 

air  stones  and  partially  submerged  in  a  water  bath  maintained  at 
25°C. 

After  most  of  the  yolk  sac  had  been  absorbed,  pulverized  catfish 

chow  was  introduced  into  the  dishes  daily.  Prior  to  hatching,  one- 
two  specimens  were  removed  from  a  clutch  every  two-six  hr  and, 
after  observations  were  made,  were  preserved  in  10  percent  forma- 

lin. After  hatching,  one-two  specimens  were  removed  and  pre- 
served daily.  Drawings  of  embryos  and  larvae  were  prepared  with 

the  aid  of  a  camera  lucida  at  25X.  Observations  of  live  and  un- 
stained preserved  specimens  were  made  using  a  stereomicroscope 

(6-50X). 
All  statistical  analyses  were  executed  on  a  computer  using  Sta- 

tistical Analysis  System  ( SAS ) .  Solutions  for  regression  coefficients 

were  solved  by  the  process  of  least  squares.  F-tests  were  used  for 
testing  group  differences  with  respect  to  regression  coefficients  and 

homogeneity  of  regression.  One-way  analysis  of  variance  tests  were 
used  to  determine  significant  differences  in  means  of  samples  de- 

termined by  sex,  age,  year,  month  or  habitat.  Correlation  coeffi- 
cients (r)  were  all  Pearson  product  moment  correlations.  Unless 

otherwise  stated,  the  significance  level  used  for  all  tests  was  <*  = 
0.05.  The  abbreviation  SD  =  standard  deviation. 

HABITAT 

The  habitat  that  N.  exilis  occupied  most  frequently  varied  with 
age  and,  for  mature  individuals,  with  season  (Table  1).  During 
February  and  March,  high  water  precluded  the  identification  of 
specific  habitats.  A  higher  percentage  of  adults  inhabited  pools 
during  all  months  except  June  and  July,  when  most  individuals 
were  found  at  the  crests  of  or  in  riffles.  The  shift  by  adults  from 
pools  to  riffles  in  June  and  July  is  related  to  nest  building  and 
reproduction  during  those  months. 

Young  N.  exilis  occurred  mostly  in  shallow  riffles  but  were  also 
found  in  shallow  margins  of  pools  (Table  1).  Little  seasonal  vari- 

ation in  habitat  occurrence  was  noted  for  young  individuals,  except 
predominate  occupation  of  riffles  in  late  summer  when  young-of- 
the-year  were  small.  Elsewhere  in  its  range,  N.  exilis  has  been 
reported  to  occur  in  gravel,  nibble  and  slab-rock  riffles,  of  small  to 
medium-Sized  streams  (Taylor  1969). 

Within  either  habitat,  during  daylight  hours,  both  young  and 
adult  N.  exilis  were  usually  found  under  large  rocks  and  other 
objects  or  in  the  interstices  of  gravel,  during  all  seasons.  At  night 
and  during  twilight  hours,  young  and  adults  were  more  active  and 
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were  rarely  found  hidden  in  or  under  objects.  Stegman  and 

Minckley  (1959)  also  found  N.  exilis  and  two  other  riffle-inhabiting 
species  of  fishes,  in  Hutchins  Creek,  occupying  interstices  of  gravel 
in  an  area  of  subsurface  percolation. 

Although  N.  exilis  occurs  syntopically  throughout  most  of  its 
range  with  one  to  eight  other  species  of  Noturus  (N.  albater,  N. 
elegans,  N.  flavater,  N.  flavus,  N.  gyrinus,  N.  nocturnus  and  N. 
placidus)  (Taylor  1969),  no  other  species  of  Noturus  occurs  in 
Green  and  Hutchins  creeks.  Fishes  commonly  collected  with  N. 

exilis  in  Green  and  Hutchins  creeks  included  Campostoma  anoma- 
lum,  Notropis  lutrensis,  N.  stramineus,  N.  umbratilis,  Phenacobius 
mirabilis,  Pimephales  notatus,  Semotilus  atromaculatus,  Ictalurus 
natalis,  Fundulus  olivaceus,  Gambusia  affinis,  Lepomis  cyanellus, 
L.  macrochirus,  L.  megalotis,  Etheostoma  caeruleum,  E.  flabellare, 
E.  nigrum  and  E.  spectabile.  Other  species  associated  with  N. 
exilis,  but  collected  infrequently  included  Amia  calva,  Notemigon\is 
crysoleucas,  Catostomus  commersoni,  Moxostoma  duquesnei,  M. 

erythrurum,  Ictalurus  punctatus,  Labidesthes  sicculus,  Aphredo- 
derus  say  anus,  Cottus  carolinae,  Micropterus  punctulatus  and  Po- 
moxis  annularis. 

AGE  AND  GROWTH 

Age 

Ages  of  the  972  specimens  taken  from  Green  Creek  ranged  from 

1  to  59  months  (Table  2),  using  June  as  a  standard  origin.  Indi- 
viduals less  than  12  months  old  were  designated  age  class  0  or  0+, 

depending  on  the  month  of  capture.  Individuals  12-23  months  old 
were  1  or  1-f-,  those  24-35  months  old,  2  or  2-f-,  those  36-47  months 
old,  3  or  3+  and  those  48-59  months  old,  4  or  4-f.  Most  (N  =  967) 
individuals  were  of  age  classes  0,  1  and  2,  with  only  five  in  age 
classes  3  and  4. 

Growth 

The  earliest  date  when  young-of-the-year  (1  month)  were  cap- 
tured was  31  July  1978.  Lengths  ranged  from  26.1  to  34.1  mm  (x  = 

29.2,  N  =  12)  and  weights  from  0.18  to  0.34  gm  (x  =  0.25,  N  =  12). 
In  1979,  young  were  not  taken  until  2  months  of  age  on  24  August 
and  ranged  from  22.3  to  34.5  mm  (x  =  29.4,  N  =  6)  in  length  and 
0.21  to  0.69  gm  (x  =  0.53,  N  =  6)  in  body  weight.  The  smallest 

specimen  captured  was  a  2-month-old,  19.0  mm  female  taken  in 
August,  1979.  Morphology  and  color  of  1-  and  2-month-old  speci- 

mens were  similar  to  adults. 

Individuals  of  N.  exilis  grew  at  a  decreasing  rate  in  length  and 
at  a  constant  rate  in  body  weight  for  at  least  3+  years  for  females 

and  4-f  years  for  males  (Table  2  and  Figs.  2,  3  and  4).  An  average 
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individual  of  either  sex  reached  one-half  of  the  first  year's  standard 
length  and  body  weight  in  about  three  weeks  (Fig.  2)  and  four 
months  (Fig.  3),  respectively. 

Curvilinear  growth  equations  for  length  did  not  differ  signif- 
icantly between  the  sexes  (Fig.  2).  For  the  sexes  combined,  the 

relationship  between  standard  length  (L)  and  age  (A)  was  L  = 

23.0  +  2.41A  -  0.022A2,  with  r  =  0.847.  Standard  lengths  of  males 
and  females  within  one  age  class  were  not  significantly  different. 

Adjusted  body  weight  increased  at  a  constant  rate  with  increas- 

Table  2.  Standard  lengths  and  adjusted  body  weights  of  Noturus  exilis  from 
Green    Creek    by    age    (in    months)    between    6    November    1977    and    29 

October  1979. 

Age N Standard  Length  ( 

Mean           Range 

mm) 

SD 

Body  Weight  ( 
?m) 

Mean 
Range 

SD 

1 12 29.2 26.1-34.1 2.47 0.25 0.18-0.34 0.067 
2 56 28.6 17.4-37.6 5.25 0.56 0.21-0.69 0.159 
3 44 33.9 24.7-47.6 6.24 0.81 0.20-1.58 0.454 
4 50 35.0 26.6-45.7 

4.98 
0.93 0.29-1.53 

0.378 

5 73 34.1 19.5-53.0 8.25 0.92 0.47-1.49 0.351 

6 64 35.7 22.8-51.2 7.07 1.03 0.49-1.72 0.408 

7 70 37.9 23.2-49.9 5.78 0.89 0.20-1.79 0.555 
8 67 36.7 22.7-54.3 7.49 1.21 0.69-1.83 0.406 
9 60 38.9 27.5-59.1 6.56 1.12 0.30-2.01 0.518 

10 61 42.6 29.6-57.2 
6.53 1.42 

0.40-2.39 0.626 
11 65 43.3 28.8-57.8 6.52 1.44 0.49-2.08 0.486 
12 79 49.8 37.5-63.2 5.35 2.17 0.80-3.56 0.620 
13 65 51.5 39.6-65.6 6.36 2.33 0.86-4.43 1.027 
14 54 54.6 40.3-65.6 5.77 2.59 1.07-3.94 0.890 
15 45 61.1 51.3-72.0 4.96 2.70 2.07-3.29 0.405 

16 25 59.9 53.0-71.0 4.71 2.23 1.95-2.70 0.275 
17 11 61.3 55.1-70.9 5.10 2.63 1.67-4.54 0.925 
18 2 60.8 59.4-62.2 1.98 2.80 

2.70-2.90 0.141 
19 9 59.4 53.7-66.1 3.73 2.74 1.86-3.87 0.614 
20 4 64.6 62.8-67.2 1.87 3.64 3.17-3.92 0.411 
21 4 61.4 57.6-64.9 3.02 2.85 2.36-3.40 0.521 
22 19 66.0 58.2-73.8 4.15 4.35 

2.78-6.53 
1.035 

23 7 68.8 63.9-73.7 3.89 4.62 3.90-6.13 0.818 
24 3 70.1 61.4-78.2 8.41 4.94 2.91-6.16 1.772 
25 2 71.4 70.2-72.6 1.70 3.87 2.72-5.02 1.625 
26 2 71.0 66.9-75.0 5.73 4.52 3.34-5.69 1.662 
29 4 67.7 65.5-70.9 2.89 2.91 2.67-3.16 0.344 
30 1 63.9 3.33 
31 3 69.6 69.2-69.8 0.32 3.98 3.41-4.55 0.808 
32 1 74.1 5.06 
33 1 69.5 5.06 

34 2 73.8 71.9-75.7 2.69 6.37 5.88-6.87 0.702 
35 2 75.6 71.2-80.0 6.22 6.26 4.64-7.88 

2.291 

42 1 80.8 5.59 
43 1 78.0 5.93 
46 2 81.7 81.2-82.1 0.64 9.70 8.30-11.10 

1.980 

59 1 100.0 — 11.66 — 
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ing  age  in  both  males  and  females  and  was  depicted  best  with 
linear  equations  (Fig.  3).  Linear  growth  equations  for  body  weight 
differed  significantly  (<*  =  0.05)  between  the  sexes.  For  females, 
the  relationship  between  body  weight  (W)  and  age  (A)  was,  W  = 
0.084  +  0.156A,  with  r  =  0.859  (N  =  169);  for  males,  W  = 
—0.139  +  0.197A,  with  r  =  0.900  (N  =  75). 

Adjusted  body  weights  of  females  over  12  months  of  age  were 
generally  less  than  those  of  males  (Fig.  3).  Prior  to  12  months, 
however,  female  body  weights  were  greater  than  or  equal  to  male 
body  weights.  The  lighter  body  weight  of  older  females  probably 
involves  the  allocation  of  more  energy  into  the  production  of  large, 

yolk-filled  eggs  instead  of  body  weight.  Significant  («  —  0.05)  dif- 
ferences between  the  sexes  were  observed  only  for  age  classes  0 

and  1.  The  lack  of  significance  at  older  ages  is  attributed  to  sample 
size.  For  age  class  0,  body  weights  ranged  from  0.182  to  2.393  gm 
(x  =  1.110,  N  =  70)  for  females,  and  from  0.199  to  2.010  gm  (x  ̂  
0.867,  N  =  33)  for  males;  for  age  class  1,  ranged  from  0.861  to  5.171 
gm  (x  =  2.627,  N  =  85)  for  females  and  from  0.795  to  6.534  gm 
(x  =  3.178,  N  =  37)  for  males. 

The  largest  male  captured  was  100.0  mm,  weighed  11.66  gm 
and  was  59  months  old.  The  largest  female  was  81.2  mm,  weighed 
8.31  gm  and  was  46  months  old.  Taylor  (1969)  reported  that  most 
IV.  exilis  were  less  than  100  mm  but  mentioned  a  113  mm  specimen 

from  an  aquarium  at  the  University  of  Michigan  Museum  of  Zool- 

ogy. Subsequent  to  Taylor's  revision,  four  specimens  of  N.  exilis 
were  collected  from  Red  River,  Simpson  County,  Kentucky 

(Kentucky  Fish  and  Wildlife  cat.  no.  1975),  that  measured  110.0- 
124.0  mm. 

The  relationship  between  adjusted  body  weight  (W)  and  stand- 
ard length  (L)  for  all  specimens  combined,  differed  significantly 

(a  —  0.05)  between  the  sexes.  Males  maintained  a  greater  body 
weight  per  mm  standard  length  than  females.  The  length-weight 
regression  equation  for  females  was  Log  W  =  —4.92  -)-  3.03  Log  L, 
with  r  =  0.979  (N=  166)  and  for  males  was  Log  W  =  -4.63  + 
2.88  Log  L,  with  r  =  0.982  (N  =  75). 

A  comparison  of  all  age  classes,  sexes  combined,  revealed  no 
significant  differences  between  age  classes  for  the  length-weight 
relationship.  The  relationship  between  VV  and  L  for  both  sexes  and 
all  ages  combined  was  Log  W  =  —4.77  +  2.94  Log  L,  with  r  r= 
0.979  (N  =  241). 

For  any  age,  specific  growth  rates  in  body  weights  of  males  and 
females  were  not  significantly  different  because  of  the  linear  re- 

lationship between  age  and  body  weight  (Table  3  and  Fig.  5). 
Therefore,  the  sexes  were  combined  and  a  mean  male-female  body 
weight  was  used  to  calculate  specific  growth  rates.  Because  of 
variation  in  standard  lengths  of  specimens  of  one  age  (Table  2  and 
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Fig.  4),  combined  mean  monthly  male-female  body  weights  (Table 
3)  were  predicted  from  a  mean  monthly  standard  length  at  each 

age  (Table  3  and  Fig.  4)  and  sex  specific  length-weight  regression 
equations.  The  observed  loss  in  length  for  some  ages  (Fig.  4)  was 
probably  due  to  sampling  bias  and  therefore,  a  line  indicating  no 
change  in  length  was  used  in  predicting  body  weights. 

The  equation  used  to  express  the  periodicity  of  growth  in  body 

weight  of  an  average  N.  exilis  was  that  by  Brown  (1957)  and  Clug- 
ston  and  Cooper  ( 1960 ) .  For  N.  exilis,  the  time  interval  used  was 
one  month,  since  monthly  samples  were  made.  In  order  to  calculate 
the  rate  of  growth  for  individuals  1  month  old,  a  recently  hatched 
N.  exilis  (8.5  mm,  0.02  gm)  from  Hutchins  Creek  was  used  as  the 
length  and  weight  for  age  zero  months. 

Specific  growth  rates  of  N.  exilis  varied  with  age  and  season 
(Table  3  and  Fig.  5).  Growth  was  most  intense  in  summer  months 
during  the  first  two  years  of  life,  with  a  maximum  growth  rate  of 
about  215  percent  per  month  for  individuals  between  0  and  1 
month  of  age.    During  winter  months,  growth  rates  for  all  age 

Table  3.    Mean  specific  growth  rates  in  adjusted  body  weight  of  male  and 
female  Noturus  exilis  from  Green  Creek. 

Age Mean Mean Mean 
Age 

Mean Mean Mean 
(mo) Standard Predicted 

Specific (mo) Standard Predicted 

Specific Length 

Body 
Growth Length 

Body 

Growth 

(mm) Weight 

(gm) 

Rate (mm) Weight 

(gm) 

Rate 

0 8.5 0.02 24 70.1 
4.78 

9.0 
1 22.5 0.17 214.0 

25 
71.0 

4.96 
3.7 

2 29.8 0.38 80.4 26 71.0 
4.96 

0.0 
3 33.0 0.52 31.4 27 71.0 

4.96 
0.0 

4 34.3 0.58 10.9 28 71.0 
4.96 

0.0 

5 34.9 0.61 5.0 29 71.0 
4.96 

0.0 6 35.4 0.64 
4.8 

30 71.0 4.96 
0.0 

7 36.3 0.68 7.5 31 71.0 4.96 
0.0 

8 37.3 0.74 8.5 32 
71.0 

4.96 
0.0 

9 39.0 0.90 14.0 33 
72.0 

5.17 4.2 
10 41.4 1.01 17.2 34 73.3 5.45 

5.3 11 44.5 1.25 21.3 
35 

75.0 5.83 6.7 
12 48.0 1.56 22.2 

36 
77.0 6.30 

7.8 

13 51.8 1.96 22.8 37 78.5 6.68 
5.9 14 55.7 2.42 21.1 

38 
79.0 6.80 

1.8 

15 58.8 2.84 16.0 
39 

79.5 6.93 
1.9 

16 60.6 3.11 
9.1 

40 
79.5 

6.93 0.0 
17 60.5 3.09 

-0.6 

41 79.5 6.93 0.0 
18 60.5 3.09 0.0 42 79.5 

6.93 0.0 
19 61.6 3.26 

5.4 

43 
79.5 6.93 0.0 

20 61.9 3.31 1.5 44 79.5 6.93 0.0 
21 63.7 3.60 

8.4 

45 
80.0 7.06 1.9 

22 66.0 4.00 10.5 
46 

81.0 7.32 
3.6 

23 68.0 4.37 8.8 



14         OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

(UlUJ)  HJ.ON31  QdVONVlS 

to          s; 

s^ § 

m  jj 

G/5     +J       <U 

repre 

-35   
fi 

in  
ag 

»)  ̂     H) 

«n  k 

C           03 CT3£ 

Cl,    C    o 

en  a 

6  CO    c 

^°^= o    c«  -r 

■2   W) 

•£    cfl  -C 
c  _  to 
c   ?,  c 

S     %J> 

5   _ CD   £    C 

"tf    <D  """ 

r;     m 

to    c    u 

^  a    <J 

©        a> 

cTS'
0 

D  -—   o QJ     O     C to 

*OT  w 

X 

%    .  c 
z 
0 

—.US 

t«    S    * 5 

v   c   S3 

z 
wo- 

1/5  ■£  •£ 

LU T3   "^     > c  °  2 o 
< 

th  
in  

standard  
length  

of  
Noturus  

exilis  
(combi 

d  
vertical  

lines  
represent  

±
 
 

2  
standard  

errors 

threes.    
H
a
t
c
h
e
d
 
 

line  
represents  

p
r
e
s
u
m
e
d
 
 

g 

;    CIS 

P 

6   «  ° 

3 
6-£  a 

'J 

o 
OS 

1     M  «J 
V5 a 

u  t3 

5s 

y  5  w>_q 

U<  JS   c 13  -r 

tS 
C    S 

S 

rt    O 

co    G 

cc 



LIFE  HISTORY  OF  THE  SLENDER  MADTOM 

15 

23         26         29        32 

JAN  JUL  JAN 

AGE  IN  MONTHS 

Fig.  5. — Chronological  and  seasonal  variation  in  specific  growth  rate  of 
adjusted  body  weight  for  the  total  sample  of  Noturus  exilis  between  0  and  46 
months  of  age.    Line  fitted  by  a  moving  average  of  threes. 

groups  decreased  considerably  and  approached  zero.  Younger  in- 
dividuals, however,  grew  more  during  colder  months  than  older 

individuals.  After  the  second  summer  of  life,  when  maturity  was 

reached,  the  magnitude  of  growth  and  length  of  the  growth  period 
were  reduced  considerably  during  warmer  months  (Fig.  5).  In 

many  species  of  fishes,  a  decreased  growth  rate  during  warmer 
months  for  older  age  classes  is  indicative  of  the  onset  of  maturity 
(Nikolsky  1963,  Lagler  et  al.  1977). 

Maximum  growth  also  occurred  earlier  in  the  season  for  2-  and 



16         OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

3-year-olds  than  in  younger  age  classes.  The  earlier  peak  in  growth 
and  narrower  growth  period  for  2-  and  3-year-olds  were  probably 
due  to  the  allocation  of  most  of  their  available  energy  to  growth 

during  the  prereproductive  season  and  then  to  reproductive  proc- 
esses. Age  1  individuals,  however,  used  a  major  portion  of  available 

energy  for  growth  early  in  the  spring  as  well  as  throughout  the 
spawning  season. 

Growth  rates  for  Noturus  insignis,  although  in  daily  intervals, 
were  similar  in  pattern  to  those  for  N.  exilis  (Clugston  and  Cooper 

1960):  a  decreasing  winter  and  summer  rate-of-growth  with  in- 
creasing age  and  a  decrease  in  growth  rate  at  age  of  maturity. 

Clugston  and  Cooper  ( 1960 ) ,  however,  noted  that  growth  rates  for 
mature  N.  insignis  were  greatest  later  in  the  summer  and  proposed 
an  increase  in  energy  investment  for  growth  after  the  spawning 
season  rather  than  before,  as  in  N.  exilis. 

REPRODUCTION 

Reproductive  Cycle  of  the  Male 

Testes  of  mature  male  N.  exilis,  like  those  of  other  ictalurid 
catfishes  (Sneed  and  Clemens  1963),  were  elongated,  whitish  and 

opaque  with  long,  finger-like  projections  of  varied  sizes.  Testes  of 
1  month  old,  26  mm  males  were  similar  in  appearance  to  those  of 
older  males  but  were  translucent  and  had  smaller  projections. 

Testis-weight-to-adjusted-body-weight  (GSI)  ratios  were  re- 
corded for  September  1978  through  August  1979  (N  =  72).  Only 

slight  seasonal  variation  in  testis  structure  and  size  was  evident. 
The  testes  of  mature  and  a  few  immature  males  began  to  thicken 

and  the  projections  began  to  lengthen  as  the  breeding  season  ap- 
proached (Fig.  6).  For  males  2  years  or  older,  GSI  increased  from 

late  fall  to  June  when  a  maximum  GSI  of  7.12  (0.7%)  was  reached. 
After  June,  GSI  decreased  until  November  when  an  increase  for  the 
spawn  in  the  following  year  was  probably  initiated.  The  decrease 
in  GSI  after  July  corroborates  the  ending  of  the  breeding  season  of 
N.  exilis  in  July  (see  Nesting).  The  relationship  between  GSI  (Y) 
and  month  (X),  with  August  =  1  and  July  =  12,  was  Log  Y  = 
0.312  +  0.040X,  with  r  =:  0.720. 

For  males  less  than  2  years  of  age,  an  increase  in  GSI  over  the 
winter  and  spring  was  also  evident,  but,  unlike  older  males,  GSI 
values  were  significantly  (<»  =  0.05)  less  than  those  of  adults  and 
considerable  variation  in  GSI  was  observed  over  the  months  (Fig. 
6).  The  relationship  between  GSI  (Y)  and  months  (X),  with 
August  =  1  and  July  =  12,  for  age  class  0  males  was  Log  Y  = 
0.182  +  0.022X,  r  =  0.335  (not  significant  at  «  =  0.05).  A  few  age 
0  males  displayed  a  steady  increase  in  GSI  over  the  months  and 
reached  a  peak  as  great  as  that  reached  by  older  males  that  had 
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already  spawned.  However,  it  is  concluded  that  males  do  not 
breed  until  2  years  of  age. 

The  relationship  between  weight  of  testes  (T)  and  standard 
length  ( L )  of  males  was  curvilinear  ( Fig.  7 )  and  was  best  depicted 

by  the  equation  1000T  =  15  —  0.9L  +  0.014L2,  with  r  =  0.912. 
Testis  development  was  minimal  until  the  male  reached  about  50 

mm  SL.  With  increasing  size  (or  age)  of  the  male,  the  rate  of  in- 
crease in  testis  weight  increased  with  minimal  seasonal  variation. 

Between  April  and  August  mature  males  had  enlarged  cephalic 
epaxial  muscles,  swollen  lips  ( Fig.  1 )  and  swollen  genital  papillae 
(Fig.  8).  Their  heads  broadened  and  enlarged  and  often  had 
scratches  on  the  dorsal  surface  and  nape.  Non-breeding  mature 
and  immature  males  did  not  have  enlarged  cephalic  epaxial  muscles 
and  lips  and  were  similar  in  appearance  to  females.  The  genital 

papillae  of  non-breeding  males  were  not  swollen  but  were  different 
in  structure  from  those  of  females  (Fig.  8).  General  coloration  of 
males  was  similar  to  that  described  by  Taylor  (1969)  during  all 
months,  except  as  follows:  the  adipose  fin  was  dark  basally  and 
light  orange  or  yellow  distally;  the  caudal  fin  was  light  orange  or 
yellow  medially  and  basally;  and  the  venter,  around  the  eyes  and 
small  areas  anterior  and  posterior  to  the  dorsal  fin  were  light  yellow. 

Judged  by  primary  and  secondary  sexual  characteristics  and 
nesting  habits,  sexual  maturity  of  male  N.  exilis  was  attained  in  the 
third  summer  of  life  (2  years  old).  Some  males  entering  their 
second  summer  of  life  (1  year  old)  had  characteristics  of  larger, 
older  males  but  were  not  as  well  developed.  Maturity  of  males  of 
Noturus  insignis  is  also  attained  at  2  years  of  age  (Clugston  and 

Cooper  1960).  Nest-guarding  males  of  N.  albater  were  all  2  years 
of  age  (Mayden  et  at.  1980). 

Reproductive  Cycle  of  the  Female 

As  judged  by  gross  examination  of  ovaries,  GSI  index  (Figs.  9 
and  10),  degree  of  abdominal  distention  and  condition  of  the  geni- 

tal papilla  ( Fig.  8 ) ,  females  generally  began  to  prepare  for  spawn- 
ing in  April  and  were  found  in  breeding  condition  until  late  July 

(Figs.  9  and  10).  Females  were  similar  in  pattern  and  color  to 
males,  but  did  not  develop  swollen  cephalic  epaxial  muscles  and  lips. 

For  the  two  years  studied,  a  relative  increase  in  ovary  size  and 
weight  was  observed  in  all  age  classes  of  females  in  late  fall  and 
continued  to  the  spawning  period  the  following  summer  (Figs.  9 
and  10).  However,  the  rate  of  increase  of  GSI  over  time  was  sig- 

nificantly (a.  —  0.01)  less  in  young  females  than  in  adult  females. 
This  probably  reflects  differences  in  ovarian  cycles  of  young  and 
adults:  gradual  development  of  ovaries  in  young  females  and,  in 
adults,  rapid  growth  of  the  ovaries  with  the  production  of  large, 
mature,  yolk-filled  oocytes  in  preparation  for  spawning.   For  young 
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Fie.  6. — Monthly  variations  in  weight  of  testes  in  relation  to  adjusted  body 
weight  for  75  Noturtu  cxilis  males.  Young  males  include  those  less  than  14 
months  of  age.  Adult  males  are  those  14  months  or  older.  Males  taken  from 
nests  containing  <ggs  at  Hutchins  Creek  are  indicated  by  open  circles.  Solid 
circles  are  males  collected  from  Green  Creek  in  monthly  samples.  The  ordinate 
is  a  logarithmic  scale. 
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Fig.  8. — Genital  papillae  of  Noturus  exilis  from  Green  Creek.  A)  Non- 
breeding  male  70.0  mm  SL  collected  7  January  1978.  B)  Breeding  male  92.0 
mm  SL  collected  25  May  1979.  C)  Non-breeding  female  78.0  mm  SL  collected 
7  January  1978.  D)  Breeding  female  71.5  mm  SL  collected  27  June  1979. 
Left  is  anterior. 

females,  the  relationship  between  GSI  (Y)  and  month  (X),  with 
August  =  1  and  June  =  11,  was  Log  Y  =  0.699  +  0.064X,  with 

r  =  0.493  (Fig.  9).  The  relatively  low  r  value  reflects  high  vari- 
ability in  sexual  development  of  age  class  0  females. 

Adult  females  showed  a  rapid  increase  in  GSI  early  in  the  fall 
after  spawning,  suggesting  the  development  of  immature  oocytes  to 
replace  the  mature  oocytes  spawned.  Little  ovarian  development 
occurred  over  winter  months  followed  by  resumed  rapid  growth  in 
the  spring  (Fig.  10).  The  relationship  between  GSI  (Y)  and  month 
(X)  for  adult  females,  with  August  =  1  and  May  =  10,  was  Log 
Y  =  0.703  +  0.124X,  with  r  =  0.822  (Fig.  10).  The  higher  r  value 
for  adult  females  was  due  to  the  consistency  in  sexual  development 
throughout  the  year. 

In  addition  to  a  greater  ovarian  growth  rate,  adult  females  main- 
tained a  significantly  («  =  0.05)  greater  mean  GSI  over  time  as 

compared  to  young  females.  In  IS  females  of  all  ages  (Table  4) 
taken  from  April  to  July,  GSI  ratios  ranged  from  0.078  to  0.309, 

0.211.  GSI  values  for  adult  females  were  consistently  higher 
(x  =  0.256)  than  those  lor  young  females  (x  =  0.158),  indicating  a 
greater  energy  expenditure  in  egg  production  by  adult  females. 

Seasonal  variation  in  ovarian  development. — To  determine  fre- 
quencies  of  breeding  females  in  each  age  class  and  peak  activity  in 
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Fig.  9. — Monthly  variations  of  ovarian  weight  in  relation  to  adjusted  body 
weight  for  114  Noturus  exilis  females  1  to  13  months  of  age  (two  years  com- 

bined).  The  ordinate  is  a  logarithmic  scale. 

spawning,  females  were  classified  on  the  basis  of  egg  size  and  con- 
dition of  genital  papillae  as  being  mature,  spent,  potentially  mature 

or  immature  for  April-August,  when  marked  ovarian  changes  were 
observed. 

Mature  females  had  two  distinct  classes  of  oocytes,  mature  and 
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weight  for  55  NotUfUS  cxilis  females  greater  than  13  months  of  age  (two  years 
combined).   The  ordinate  is  a  logarithmic  scale. 

immature,  and  the  tissues  adjacent  to  their  genital  papillae  were 

Swollen  (Fig.  8).  Mature  oocytes  were  large  (1.5-3.4  mm),  yolk- 
filled,  spherical  and  orange;  immature  oocytes  were  smaller  (0.1-1.3 
mm)  and  either  clear  or  white. 

Spent  females  had  ovaries  that  contained  small,  white  oocytes 
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and  fragments  of  orange  yolk;  in  two  females,  one  and  two  mature 
oocytes  remained.  The  tissues  adjacent  to  their  genital  papillae 
were  usually  swollen. 

Potentially  mature  females  had  ovaries  that  did  not  contain  two 

well-defined  size  classes  of  oocytes,  but  rather  a  gradation  in  sizes 
of  oocytes  ranging  from  tiny  (  <0.1  mm)  and  clear  to  white  ones 

(0.3-0.5  mm),  to  larger  (1.1-2.0  mm),  light-yellow  ones.  Tissues 
adjacent  to  their  genital  papillae  were  only  slightly  swollen  and 
ovaries  were  consistently  smaller  in  size  and  weight  when  compared 
to  those  of  mature  females. 

Immature  females  were  sexed  as  early  as  1  month  or  19.0  mm 

SL.  Their  ovaries  had  well-defined,  white  oocytes  and  the  tissues 
adjacent  to  their  genital  papillae  were  not  swollen  (Fig.  8).  Non- 
breeding  adult  females  had  similar  characteristics. 

In  both  1978  and  1979,  the  breeding  cycles  of  young  and  adult 
females  differed,  in  that  among  adult  females,  potentially  mature, 

mature  and  spent  individuals  appeared  earlier  in  the  April-August 
season  than  among  young  females  (Fig.  11).  Between  1978  and 
1979,  breeding  cycles  of  both  young  and  adult  females  also  differed. 
In  1978,  mature  adult  and  potentially  mature  young  females  were 
present  in  April.  In  April,  1979,  however,  adult  females  were  only 

potentially  mature  or  non-breeding  and  young  females  were  all 
immature. 

The  earlier  occurrence  of  ripe  females  in  1978  and  the  absence 
of  spent  females  in  August,  1978  indicated  an  earlier  spawn  in  that 

year  than  in  1979.  The  appearance  of  young-of-the-year  in  July, 
1978  and  in  August,  1979  lent  support  to  this  hypothesis.  A 
warmer  and  earlier  spring  in  1978  probably  accounted  for  this 
difference. 

Maturity. — The  nesting  habits  of  N.  exilis  precluded  the  capture 
of  large  numbers  of  nesting  females;  only  three  females  were  found 
in  nesting  cavities.  Therefore,  age  of  maturity  was  based  mostly  on 
preserved  females  from  Green  Creek. 

Females  generally  attained  maturity  by  the  third  summer  (2 
years  of  age)  as  indicated  by  18  of  19  females  taken  during  the 
April-August  season.  The  one  exception  collected  at  the  beginning 
of  the  reproductive  season  (April  1979)  probably  would  have 
matured  later  that  season.  Females  in  their  fourth  or  fifth  summer 

(3  and  4  years  of  age)  were  all  mature. 

Thirty-five  of  169  age  class  0-1  females  collected  between  April 
and  August  were  possible  contributors  to  spawning.  Of  the  35, 
five  contained  oocytes  large  enough  to  be  spawned  (Table  4)  and 
eight  were  either  spent  or  resorbing  eggs.  The  remaining  22  were 

considered  potentially  mature  and  showed  only  slight  ovarian  de- 
velopment. Maturity  for  age  class  0  females  appeared  to  occur  at 

about  50  mm  in  length.    The  13  individuals  considered  mature  or 
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spent  were  the  largest  age  0  females  and  ranged  in  length  from  46 
to  59  mm.  Potentially  mature  females  were  between  40  and  45  mm 
long. 

During  the  spawning  months  (May-July),  age  0  females  con- 
sistently produced  fewer  (26-53,  x  =  44.4)  and  lighter  (7.1-10.6 

mg,  x  =  8.4)  oocytes  and  had  a  lower  GSI  than  adult  females 
(Table  4  and  Figs.  9  and  10).    The  number  of  mature  oocytes  in 
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adult  females  ranged  from  64  to  97,  x  =  85.2;  weight  of  mature 
oocytes  ranged  from  12.0  to  16.6  mg,  x  =  13.8.  The  number  of 
mature  oocytes  produced  per  gm  of  body  weight,  however,  was 
similar  for  adult  and  young  females  (Table  4). 

Fecundity. — In  18  mature  females  representing  April  to  July,  the 
number  of  mature  oocytes  ranged  from  26  to  150,  x  =  83.6  (Table 
4).  Because  differences  between  number  of  mature  oocytes  in  each 
ovary  of  the  same  female  are  relatively  great  (Table  4),  doubling 
the  number  from  one  ovary  was  not  acceptable  in  estimating 
fecundity. 

The  number  of  mature  oocytes  produced  by  a  female  is  corre- 
lated with  age,  size  and  weight  of  the  female.  The  oldest,  largest 

and  heaviest  females  produced  the  most  mature  oocytes  (Table  4). 

For  the  18  mature  females  taken  April- July  (Table  4),  the  relation- 
ship between  number  of  mature  oocytes  (F)  and  age  (A)  was 

F  =  6.36  +  3.45A,  with  r  =  0.912;  between  number  of  mature 

oocytes  (F)  and  standard  length  (L),  F  =  —142.2  -f  3.47L,  with 
r  =  0.875;  and  between  number  of  mature  oocytes  (F)  and  ad- 

justed body  weight  (W),  F  =  3.49  +  18.73W,  with  r  =  0.915  (Fig. 
12).  The  best  predictors  of  F  were  body  weight  and  age.  Body 
weight,  as  the  only  predictor  of  F,  accounted  for  84  percent  of  the 
variance  of  F.  Age,  as  the  only  predictor  of  F,  accounted  for  83 
percent  of  the  variance.  Standard  length  was  not  a  significant 

second-  or  third-order  predictor  of  F  with  age  and  body  weight. 
However,  when  standard  length  was  used  as  the  only  predictor  of 
F,  76.6  percent  of  the  variance  of  F  could  be  accounted  for. 

Nesting 

Observations  of  nesting  in  Noturus  are  limited  to  six  of  the  25 

described  species.  The  breeding  season  usually  occurs  during  sum- 
mer; however,  at  southern  latitudes  breeding  may  occur  as  early  as 

April  (Thomerson  1966,  Hellier  1967,  Taylor  1969).  Mayden  et  al. 
(1980)  reported  N.  albater  nesting  under  large  stones  in  July; 
Greeley  (1929,  1934)  and  Langlois  (1954)  found  N.  flavus  nests 
under  large  flat  stones  in  June  and  July;  Adams  and  Hankinson 
(1928),  Bailey  (1938),  Evermann  and  Clark  (1920)  and  Trautman 
(1948)  found  nests  of  N.  gyrinus  in  tin  cans,  crayfish  burrows  and 
mud  holes  or  under  logs,  boards,  rooted  vegetation  and  crockery  in 
May,  June  and  July;  Fowler  (1917)  found  nests  of  N.  insignis 
beneath  large  flat  stones  in  July;  Taylor  (1969)  reported  N.  miurus 
nesting  in  tin  cans  in  July  and  August  and  N.  stigmosus  in  cans  in 
July;  and  Trautman  (1948)  found  N.  miurus  nesting  under  logs, 
boards  and  rocks  in  July.  The  use  of  cans  for  cover  and  nesting 
has  also  been  observed  in  fishes  of  other  genera  ( Breder  and  Rosen 
1966,  Kottcamp  and  Moyle  1972). 

In  1979,  nesting  of  N.  exilis  at  Hutchins   and  Green  creeks 
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Fig.  12. — Relationship  between  adjusted  body  weight  of  female  and  num- 
ber of  mature  oocytes  produced.    Data  from  Table  4. 

spanned  at  least  17  June  to  17  July  (Table. 5)  when  16  nests  contain- 
ing clutches  of  eggs  and  guardian  parent(s)  were  found.  Water  tem- 

peratures during  this  period  ranged  from  23.5°  to  30°C.  No  nests 
or  reproductively  active  adults,  commonly  found  under  rocks  in 
pools  and  raceways,  were  found  in  April.  In  May,  and  before  17 

June,  adults  had  begun  developing  secondary  sexual  characteristics 
and  w(  ic  found  in  shallow  pools  with  current  and  in  crests  of 

riffles.    By  late  May  and  in  early  June,  all  large  females  were  fully 
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distended  with  eggs  and  large  males  had  swollen  epaxial  muscles 

typical  of  nest-guarding  males  ( Fig.  1 ) .  When  males  were  located 
beneath  overlying  rocks  in  early  June,  a  small  cavity  was  present. 
Upon  discovery,  these  males  were  more  hesitant  to  move  away  than 
were  males  found  in  April  and  May.  Females,  however,  showed  no 
signs  of  having  cleared  the  area  beneath  cover  and  readily  left 
when  rocks  were  lifted.  After  17  July,  no  nests  were  found.  Rocks 
at  Green  and  Hutchins  creeks  used  for  nesting  in  June  and  July  still 
had  excavated  cavities  beneath  them  but  were  mostly  occupied  by 
Orconectes  virilis  or  Campostoma  anomalum. 

Nesting  habitat. — The  nesting  habitat  of  Noturus  ranges  from 
clean  gravel  riffles  to  silt-laden  pools  and  two  or  more  species  may 
occupy  the  same  nesting  habitat  (Trautman  1948,  Taylor  1969, 
Menzel  and  Raney  1973).  Nesting  habitats  of  N.  exilis  included 
shallow  pools  and  shallow  crests  and  bases  of  riffles.  Most  nests 
(N  =  12)  were  in  pools  with  little  current  (Table  5)  and  at  depths 
ranging  from  12.5  to  40.0  cm  (x  =  19.2).  Those  at  either  bases  or 
crests  of  riffles  (N  =  4)  were  in  relatively  shallow  water  (depth  = 
10.0-20.0  cm,  x  =  13.7).  Nests  ranged  from  a  few  cm  from  the 
bank  to  the  center  of  the  stream  and,  with  the  exception  of  one 

nest,  all  were  in  cavities  beneath  large  rocks.  Nest  10  (nest  num- 
bers refer  to  corresponding  numbers  in  Table  5)  was  beneath  a 

large,  flat  sheet  of  tin,  0.6  m2  (Table  5).  Nest  rocks  were  always  the 
largest  ones  (15-30  cm  long)  in  the  area  and  were  usually  flat  on 
the  underside. 

Nest  cavities  ranged  in  depth  from  3.8  to  15.0  cm,  in  length  from 
15.0  to  60.0  cm  and  in  width  from  10.0  to  60.0  cm  (Table  5).  They 
were  usually  free  of  silt  and  debris  and  were  lined  with  fine  gravel 
(Fig.  13).  The  number  of  entrances  into  a  nest  was  not  noted,  but 
most  nesting  rocks  appeared  flush  with  the  substratum.  There  was 
no  significant  relationship  between  the  size  of  the  nest  cavity  and 
the  number  of  eggs  present  (r  =  0.456). 

Nest  construction. — Although  evidence  was  not  presented,  Men- 
zel and  Raney  (1973)  stated  that,  in  Noturus,  nest  preparation  is 

minimal.  However,  this  statement  should  probably  be  reconsidered 
based  on  our  observations  of  nesting  of  Noturus  albater  (Mayden 
et  al.  1980 ) ,  N.  miurus,  N.  nocturnus  and  N.  exilis.  Nest  construction 
in  N.  exilis  apparently  involves  only  adult  males.  Males  observed 

in  early  June  were  usually  found  singly  in  excavated  cavities  be- 
neath rocks;  there  were  no  signs  of  excavation  before  June.  A  male 

forced  to  leave  the  rock,  soon  returned.  Females  found  singly  in 
June  were  never  found  in  cleared  cavities  and  always  readily  left 
cover  when  exposed.  In  late  June,  three  reproductively  active  pairs 
were  found  in  cavities  beneath  rocks;  no  eggs  or  hatchlings  were 
found.  In  two  cases,  the  same  male  had  been  observed  in  the  same 
cavity  in  early  June,  indicating  he  had  prepared  the  nest  site  alone. 
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7       *       '     J  • 

Fig.  13. — Nesting  cavities,  guardian  males  and  embryos  of  NoUirus  cxilis. 

Above,  67.1  mm  SL  male  from  nest  9  (Table  5)  in  Hutchins  Creek  guarding 

a  clutch  of  34  embryos.  Below,  100.0  mm  SL  male  from  nest  11  (Table  5)  in 

Green  Creek  guarding  a  clutch  of  62  embryos.  Large  nest-covering  rocks removed. 
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The  behavior  of  males  and  females  and  the  presence  of  cleared 
cavities  beneath  rocks,  later  used  for  nesting,  suggests  that  males 
are  territorial  during  the  breeding  season  and  are  solely  involved  in 
nest  construction. 

Eggs  and  parental  care. — Eggs  were  always  in  the  deepest  part 
of  the  nest  cavity  and  always  in  a  single  cluster  (Fig.  13).  Clutches 
were  similar  in  appearance  but  varied  in  number  and  size  of  eggs. 
Most  clutches  were  a  roundish  mass  with  each  egg  attached  to  one 
to  five  adjacent  eggs  (Fig.  13).  Because  the  clutches  were  not 

anchored  and  were  always  free  of  debris,  eggs  probably  had  tem- 
porary adhesive  properties  upon  oviposition  that  allowed  them  to 

adhere  to  each  other  but  to  no  other  surfaces. 

The  spherical,  amber-colored  eggs  ranged  from  27  to  74  (x  = 
51.0,  SD  =  15.47,  N  =  16)  per  clutch  (Table  5).  Eggs  collected 
from  nest  14  (Table  5)  were  unusual  in  that  yolks  were  significantly 

(a  =  0.05)  smaller  and  lighter  in  color  than  others.  Chorion  diam- 
eters for  all  clutches  but  the  unusual  one  in  nest  14  ranged  from  3.9 

to  4.5  (x  =  4.11,  SD  =  0.151,  N  =  30)  and  yolk  diameters  from  3.2 

to  3.6  mm  (x  =  3.39,  SD  =  0.124,  N  =  30).  Eggs  from  the  un- 
usual clutch  had  similar  chorion  diameters  (3.9-4.2;  x  =  4.06,  SD  = 

0.114,  N  =  5)  to  other  clutches  but  significantly  smaller  yolk  (2.6- 
2.8  mm;  x  =  2.66,  SD  =  0.089,  N  =  5)  diameters. 

Taylor  (1969)  suggested  that,  since  species  of  Noturus  are 
mainly  nocturnal,  spawning  would  occur  in  relative  darkness.  By 
back  calculating  the  age  of  each  clutch  from  its  time  of  collection, 
time  of  fertilization  was  estimated.  Estimated  ages  of  clutches 

ranged  from  11  to  200  hr  (Table  5).  All  estimated  times  of  fertili- 
zation were  either  in  early  morning  (0400-0600  hr)  or  afternoon  to 

night  (1600-2330  hr).  Therefore,  at  least  some  spawning  occurred 
during  darkness. 

Female  N.  exilis  may  have  helped  care  for  young,  but  the  degree 
of  investment,  after  spawning,  was  probably  minimal.  In  most 

cases  (75%)  when  a  nest  was  found,  only  an  adult  male  was  ob- 
served with  the  nest  (Table  5  and  Fig.  13).  Of  the  16  nests 

discovered,  one  was  unattended,  12  were  attended  by  a  male  alone 
and  three  were  attended  by  both  a  male  and  a  female.  The  rela- 

tively early  stage  of  development  of  eggs  in  nests  attended  by  both 
parents  (Table  5)  as  compared  to  those  nests  attended  by  a  male 
only,  indicated  that  the  female  remains  with  the  nest  for  only  a 
short  period  (12-22  hr)  after  spawning.  However,  the  role  of  the 
Female  during  the  short  period  in  the  nest  and  the  reason  for  her 
early   departure   Iroin   the   nest   are   unknown;   multiple  matings  by 
females  may  occur. 

The  period  of  parental  care  in  N.  exilis  probably  lasts  until  the 
yolk  sacs  are  depleted  and  young  are  capable  swimmers.  One  male 
N.  exilis  (nest  10)  was  found  brooding  his  clutch  of  hatchlings  and 
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embryos.  Fowler  (1917)  found  males  of  N.  insignis  brooding  either 
embryos  or  hatchlings  and  stated  that  parental  care  must  exist  after 
hatching.  Mayden  et  al.  ( 1980 )  found  guardian  males  of  N.  albater 
brooding  hatchlings  at  least  two  days  after  hatching.  Menzel  and 
Raney  (1973)  considered  parental  care  in  Noturus  to  last  only  up 
to  hatching,  but  provided  no  supporting  evidence. 

Characteristics  of  nesting  males. — The  age  of  guardian  males 
ranged  from  2  to  5  years  (Table  5);  most  (61.5%)  were  2  years  old. 
Standard  lengths  of  guardian  males  ranged  from  61.0  to  100.0  mm 
(x  =  80.72,  SD  =  14.39).  The  two  females  taken  from  nests  with 
eggs  were  both  2  years  old  and  67.4  and  70.0  mm  SL,  respectively 
(Table  5). 

Nesting  data  (Table  5)  indicated  that  the  number  of  eggs  a 

male  is  capable  of  acquiring  was  significantly  ( r  =  0.767,  a  —  0.05) 
related  to  the  size  of  the  male.  No  data  are  available  on  multiple 

matings  by  a  single  male.  The  relationship  between  age  and  num- 
ber of  eggs  (r  =  0.671)  was  significant  (<*  ==  0.05).  Relationships 

between  size  or  age  of  a  male  and  size  of  the  nest  cavity  were  not 

significant.  Water  depth  at  a  nesting  site  (Table  5)  was  not  signif- 
icantly correlated  with  size  or  age  of  a  male,  clutch  size  or  size  of 

the  nest  cavity. 

Nest-guarding  adults  of  A7,  exilis  did  not  seem  to  feed  while 
guarding  nests.  With  the  exception  of  one  male,  stomachs  and  in- 

testines of  all  guardian  adults  were  empty.  The  one  exception  from 
nest  9  had  one  N.  exilis  egg  and  several  ctenoid  (Etheo stoma  sp.) 
scales  in  his  stomach;  the  intestine  was  empty.  Guardian  males  of 
N.  albater  also  did  not  feed  while  guarding  nests  (Mayden  et  al. 
1980). 

Behavior  of  guardian  adults. — Most  males  displayed  a  similar 
behavior  to  nest  exposure;  they  swam  around  the  nest  cavity  and 
over  the  eggs,  occasionally  exiting  the  nest  for  a  few  seconds.  The 
distance  traveled  away  from  the  nest  by  those  males  was  usually 
only  a  few  cm.  Upon  returning  to  the  nest  site,  the  male  usually 
pushed  the  clutch  around  inside  the  nest,  as  if  to  roll  the  eggs  over. 
Occasionally  a  male  took  the  clutch  partially  into  his  mouth  and 
shook  the  egg  mass  from  side  to  side.  This  behavior  has  also  been 
observed  in  the  genus  Ictalurus  (Bredcr  and  Rosen  1966).  In  two 
cases  the  males  guarding  nests  8  and  15  (Table  5)  ejected  their 
clutches  from  nest  cavities  after  consuming  some  of  the  eggs.  In- 

cubation of  the  remaining  eggs  in  the  laboratory  revealed  that  all 
eggs  ejected  had  been  fertilized  and  were  developing. 

The  few  observations  made  indicated  that  the  reaction  of  ex- 

posed, nest-guarding  males  to  other  species  of  fishes  and  crayfishes 
was  minimal.  On  two  occasions,  after  a  nest  had  been  located, 
individuals  of  Campostoma  anomalum  or  Orconectes  virilis  were 
accidently  scared  into  the  nest  cavity  containing  a  male  N.  exilis 
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and  egg  clutch.  The  guardian  males  did  not  respond  to  the  in- 
truders) and  no  egg  predation  was  observed.  However,  the  lack 

of  response  by  guardian  males  to  the  intruders  was  probably  ab- 
normal, as  a  result  of  nest  exposure,  since  the  intruding  species  have 

been  observed  preying  on  N.  exilis  eggs  (pers.  obs.). 

The  distance  between  nest  sites  (Table  5)  and  the  presence  of 
only  one  male  per  nest  may  have  resulted  from  territoriality  of  male 
N.  exilis  during  the  breeding  season.  Most  males  constructed  nests 
from  three  to  five  m  away  from  any  other  conspecific  nest.  The 
distance  between  nesting  sites,  however,  may  have  been  determined 

by  factors  other  than  territoriality,  such  as  the  availability  or  dis- 
tribution of  suitable  nesting  material  and  the  degree  of  intra-  and 

interspecific  competition  for  such  material. 

Possibility  of  polyandry. — Although  no  detailed  studies  have 
dealt  with  the  reproductive  behavior  of  species  of  Noturus,  it  seems 

likely  that  they  practice  some  degree  of  polyandry.  Indirect  evi- 
dence supporting  this  conclusion  was  presented  by  Menzel  and 

Raney  (1973)  when  they  summarized  the  literature  on  number  of 

mature  oocytes  produced  by  females  of  A7,  flavus,  N.  gyrinus  and 
N.  miurus  and  the  clutch  sizes  of  each  species  found  in  nests.  They 
found  that,  in  all  three  species,  the  number  of  eggs  produced  by  a 
female  was  about  twice  the  number  found  in  a  nest.  We  have  made 

the  same  observation  with  N.  exilis.  Depending  on  age,  mature  N. 
exilis  females  produced  from  26  to  150  mature  oocytes  (Table  4). 
In  females  2  years  or  older,  the  number  of  mature  oocytes  ranged 
from  64  to  150  (Table  4).  The  number  of  eggs  found  in  nests  in 
Hutchins  and  Green  creeks,  however,  ranged  from  27  to  74  (Table 
5).  Female  N.  exilis  may  lay  at  least  two  clutches  of  eggs  per  year; 
each  could  be  inseminated  by  a  different  male. 

Only  two  2-year-old  females  were  found  in  nest  cavities  con- 
taining  eggs  (nests  7  and  15,  Table  5);  one.  was  spent  (nest  7)  and 
the  other  was  not  examined.  The  number  of  eggs  in  nest  7  was  48 
and  the  developmental  stage  of  the  eggs  indicated  that  spawning 
had  occurred  within  the  previous  24  hr.  From  regression  equations 
for  body  weight,  length  and  age  on  the  number  of  mature  oocytes 
(Table  4),  the  number  of  mature  oocytes  this  female  would  be 
expected  to  produce  would  be  84  to  92,  about  twice  the  number 
found  in  the  nest. 

One  2-year-old  female  (73.0  mm  SL)  layed  two  clutches  of  eggs 
with  a  single  male  in  an  aquarium.  The  first  clutch  contained  32 
eggs,  (lie  second  38.  The  second  clutch  was  not  spawned  until  three 
hours  after  the  first  clutch  had  been  removed  from  the  tank. 

These  observations  on  Noturus  and  those  of  Breder  (1935), 
Breder  and  Rosen  (1966)  and  Clemens  and  Sneed  (1957)  on  the 
closely  related  genus  Ictalurus  indicate  that  Noturus  and  Ictalurus 
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may  differ  in  their  reproductive  strategies.  Species  of  Ictalurus 
spawn  a  single  clutch  of  eggs  in  one  nest. 
Interspecific  competition  for  nesting  sites. — Throughout  the 
breeding  season  of  N.  exilis,  other  species  of  fishes  and  crayfishes 

in  Hutchins  and  Green  creeks  were  frequently  observed  using  cavi- 
ties beneath  rocks  similar  to  nesting  rocks  of  N.  exilis.  Between 

May  and  August,  cavities  beneath  rocks  were  occupied  by  O.  virilis 

and  breeding  and  non-breeding  Pimephales  notatus,  C.  anomalum 
and  E.  flabellare.  In  all  cases  when  individuals  of  the  above  species 
were  found  under  an  object,  no  adult  madtom  was  found.  Nests  of 
P.  notatus  were  found  from  6  May  to  25  June,  nests  of  E.  flabellare 
from  1  May  to  29  May.  Thus,  it  appears  that  N.  exilis  competes 
with  at  least  these  species  for  cover  and  nest  sites. 

DEVELOPMENT 

Fertilized  eggs  were  similar  in  appearance  to  the  amber,  mature 
oocytes,  except  for  their  large  perivitelline  space.  Their  diameters 
ranged  from  3.9  to  4.5  mm  (x  =  4.11,  N  =  30);  yolk  diameters 
ranged  from  3.2  to  3.6  mm  (x  =  3.39).  Clutches  of  fertilized  eggs 
removed  from  nests  and  incubated  in  culture  dishes  at  25  °C  hatched 
in  187-210  hr  (8-9  days).  Hatching  success  in  the  laboratory  varied 
from  about  39  to  75  percent  ( x  =  60% )  for  Hutchins  Creek-spawned 
clutches. 

Within  a  clutch,  embryos  usually  exhibited  synchrony  in  their 

development;  however,  some  slight  variations  occurred.  Illustra- 
tions representing  stages  of  development  are  based  on  the  modal 

form  at  that  stage.  Following  is  a  chronological  account  of  develop- 
ment of  N.  exilis  from  approximately  10  hr  post-fertilization  to  six 

days  posthatching.  Early  stages  of  cleavage  are  not  included. 
Age  10  hr  (Fig.  14A).  Early  high  blastula  stage.  Blastodisc  of 

approximately  100  cells  covers  about  one-eighth  of  yolk;  chorion 
clear,  tough  and  rough-textured.   Oil  droplets  not  observed. 

Age  13  hr.  Late  high  blastula  stage.  Number  of  cells  present 
could  not  be  estimated;  no  apparent  increase  in  size  of  blastodisc. 

Age  24  hr  (Fig.  14B).  Early  flat  blastula  stage.  Diameter  of 
blastula  about  twice  that  of  10-hr  stage;  large  periblast  cells  present 
at  margin  of  blastodisc.  Blastocoel  separating  epiblast  and  periblast 
has  formed.   Embryos  rotate  slowly  inside  chorion. 

Age  29  hr.  Late  flat  blastula  stage.  Further  spreading  of  blasto- 
disc over  yolk  equal  on  all  sides. 

Age  36  hr  (Figs.  14C  and  14D).  Early  gastrula  stage.  Cells 
around  margin  of  blastoderm  have  thickened,  forming  germ  ring; 
blastoderm  covers  about  one-half  of  yolk.  Embryonic  shield  pres- 

ent, rudimentary,  slightly  wider  and  more  elevated  than  germ  ring 
when  viewed  from  side.  Small  lateral  ridges  and  folds  developing 
along  axis  of  future  embryo. 
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li<;.   L4.   Early  stages  of  development  of  Noturus  cxili.s.    A)  Early  high 

blastula  stage,  age  10  lir.  »)  Flat  blastula  stage,  age  24  hr.  C  and  D)  Side 

and  top  view,  early  gastrula  stage,  aye  36  hr.  E  and  F)  Side  and  top  view, 

late  gastrula  Stage,  age  41  hr.  G  and  II)  Side  and  top  view,  50  hr  embryo, 2.4  ...Mi  TL. 
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Age  41  hr  (Figs.  14E  and  14F).  Late  gastrula  stage.  Further 
migration  of  germ  ring  over  surface  of  yolk.  Edge  of  blastoderm 
constricts  yolk,  causing  bulge  in  uncovered  portion.  Embryonic 
shield  and  axis  of  future  embryo  well-developed.  Axis  of  future 
embryo  consists  of  medial  groove  and  2  lateral  neural  folds. 
Prosencephalon  and  deuteroencephalon  apparent  when  viewed  from 
side. 

Age  50  hr  (Figs.  14G  and  14H).  Tail  bud  stage.  Closure  of 
blastoderm  over  yolk  almost  complete,  leaving  small  blastopore  at 
posterior  end  of  embryo.  Optic  vesicles  present,  rudimentary; 
prosencephalon,  mesencephalon  and  rhombencephalon  present  but 
ventricles  not  yet  apparent;  faint  notochord  visible.  Caudal  end  of 

embryo  has  lengthened;  embryo  extends  over  one-half  of  yolk;  10-11 
somites  and  small  tail  bud  present.  Ectoderm  anterior  to  head 
separated  from  yolk,  forming  subcephalic  cavity. 

Age  54  hr.  Blastopore  closed  in  most  embryos.  Lengths  of  those 

with  closed  blastopore  are  2.8-2.9  mm  (N  =  5);  those  with  some 
visible  yolk  are  2.4-2.5  mm  (N  =  3)  long.  Divisions  of  brain  more 
defined,  but  no  vesicles  apparent.  Unlike  earlier  stages,  embryos 
maintain  dorsal  position  on  yolk;  no  rotation  occurs.  Spinal  column 
truncates  just  anterior  to  optic  vesicles  and  extends  posterior  to  tail 
bud.   Number  of  somites  13. 

Age  61  hr.  Blastoderm  coverage  complete  in  nearly  all  embryos. 

Rudimentary  otic  vesicles  forming  just  posterior  to  hindbrain.  Num- 
ber of  somites  19  to  21.  Below  and  anterior  to  head,  yolk  is  notice- 

ably absorbed,  creating  larger  subcephalic  cavity.  Tail  slightly 
compressed  laterally,  forming  fin  rudiment,  but  not  free  from  yolk. 
Vertebral  column  terminates  just  anterior  to  flattened  portion  of 
tail.   Five  embryos  average  3.7  mm  TL. 

Age  66  hr  (Figs.  15A  and  15B).  First  contractions  of  tail  and 
some  anterior  somites  occasionally  causing  body  to  bend.  Tail  in 

most  embryos  free  from  yolk  and  slightly  decurved,  in  some  at- 
tached at  extreme  posterior  end.  Eye  lens  forming;  rhombencepha- 

lon divided  into  three  neuromeres.  Circular  otic  capsule  prominent. 
Somites  extend  farther  dorsally  and  ventrally  and  are  divided 
medially  by  a  horizontal  septum,  forming  the  epaxial  and  hypaxial 
musculature.  Caudal  fin  bud  flattened  and  rounded.  Spinal  column 
partially  segmented  anteriorly.  Head  and  trunk  posterior  to  first 
somite  elevated  completely  above  yolk.  Small,  weakly  pulsating 
heart  in  pericardial  cavity  beneath  and  anterior  to  otic  capsule;  no 
blood  flow  discernible. 

Age  73-79  hr  (Figs.  15C  and  15D).  Tail  longer  and  further 
separated  from  yolk,  flexing  regularly  from  side  to  side.  Head  flat- 

tened and  connection  to  yolk  restricted  to  small  region  posterior  to 
otic  vesicle.  Urinary  bladder  forming  on  ventral  side  anterior  to 
caudal  fin.   One  median  fin  rudiment  present,  extending  onto  dor- 
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sum,  around  tail  and  on  venter  to  urinary  bladder.  Fourth  ventricle 
of  brain  differentiating.  Eye  lens  formed  completely  but  no  retinal 
pigment  present.  Segmented  vertebral  column  and  rudiments  of 
vertebral  spines  in  some  individuals. 

Fie.  15. — Early  development  and  organogeny  of  Notunis  exilis  between 
ayes  66  and  102  hr.  Chorion  removed.  A  and  B)  Side  and  top  view,  66-hr 
embryo,  3.5  mm  TL.  C  and  D)  Side  and  top  view,  78-hr  embryo,  4.3  mm 
I  L  E  and  F)  Side  and  top  view,  90-hr  embryo,  4.7  mm  TL.  G  and  H)  Side 
and  top  view,  103-hr  embryo,  5.1  mm  TL. 
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Age  84-90  hr  (Figs.  15E  and  15F).  Small  barbels  present  on 
anteroventral  part  of  head.  Small  slit  present  in  region  of  future 
mouth;  branchial  region  visible,  slightly  enlarged,  but  no  visible 

breathing  occurs;  opercula  absent.  Small,  slightly  elevated,  light- 
red  blood  islands  on  yolk  in  some  individuals  just  posterior  to  pos- 

terior connection  point  of  embryo  and  yolk;  no  blood  flow  discern- 
ible. Pectoral  fin  buds  visible  above  surface  of  yolk  in  tissue  con- 

densations lateral  to  embryo.  Embryos  average  4.7  mm  TL  (N  = 
5),  with  most  growth  apparent  in  tail;  tail  has  lost  rounded  shape, 
is  slightly  pointed  and  recurved. 

Age  97  hr.  Pulsating  sinus  venosus  apparent  in  subcephalic 
cavity  beneath  and  slightly  anterior  to  head.  Clear  liquid  slowly 

travels  through  heart;  light-red  blood  islands  on  yolk  further  elab- 
orated and  fine  strands  of  light-red  blood  visible.  Two  distinct 

barbels  present  on  either  side  of  head.  Tail  flips  from  side  to  side 

and  occasionally,  upon  flexion,  strikes  branchial  region  and  hind- 
brain. 

Age  102-104  hr  (Figs.  15G  and  15H).  Few  faint  blood  vessels 
present  over  surface  of  yolk;  vitelline  arteries  extend  perpendicularly 
from  body  just  anterior  to  pectoral  fin  buds.  Three  barbels  on  each 
side  of  embryo  apparent  in  lateral  view;  between  first  two  barbels 

are  rudiments  of  external  nares.  Opercula  and  primordial  gills  pres- 
ent. In  region  of  bladder  primordial  urinary  tract  appears  to  leave 

body  as  tube. 

Age  109-115  hr  (Figs.  16A  and  16B).  Retinal  pigment  in  eye; 
no  other  pigment  on  body  or  yolk.  Blood  flows  in  head,  around 
lobes  of  mid-  and  hindbrain  and  in  gill  arches.  On  surface  of  yolk, 
circulation  increased  with  several  large  blood  islands  and  smaller 
vesicles  coalescing;  blood  pumped  into  branchial  region  from  two 
anterior  vitelline  veins  by  long  sinus  venosus,  through  body  and  out 

onto  yolk  by  vitelline  arteries.  Mouth  well-developed  but  no  breath- 
ing discernible.  Single,  continuous  median  fin  constricted  on  dor- 
sum near  tip  of  tail.  Posteroventral  projection  of  tissue  at  tip  of  tail 

has  spread  into  clear  fin-forming  caudal  ray  primordia. 

Age  120-128  hr.  Entire  eye  heavily  invested  with  retinal  pig- 
ment, appearing  dusky.  Blood  darker  red  with  some  flow  in  trunk 

region.  Right  vitelline  artery  bifurcated  at  point  of  junction  with 
body;  left  vitelline  artery  single.  Posterior  to  embryo,  vessels  on 
yolk  appear  discontinuous  with  other  main  vessels.  Ten  embryos 
are  5.8-6.0  mm  TL. 

Age  133-138  hr  (Figs.  16C  and  16D).  Beginning  of  sporadic 
jerks  of  trunk  and  increased  tail  flexion;  embryos  beat  tip  of  tail 
against  one  side  of  head  two-three  successive  times,  then  shift  to 
beating  opposite  side  of  head  a  similar  number  of  times.  Pectoral 
fins  close  to  body,  but  not  attached,  and  with  no  indication  of 
circulation.   Condensed  opaque  tissue  covers  clear  caudal  fin  where 
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FlG.  16. — Early  development  and  organogeny  of  Noturus  exilis  between 
ages  113  and  144  hr.  Chorion  removed.  A  and  B)  Side  and  top  view,  113-hr 
embryo,  5.3  nun  TL.  C  and  D)  Side  and  top  view,  134-hr  embryo,  6.2  mm 
TL.    E  and  F)  Side  and  top  view,  144-hr  embryo,  6.4  mm  TL. 

rays  will  develop.  Constrictions  in  single  median  fin  better  de- 
veloped between  primordial  adipose  and  caudal  fins  and  at  urogen- 

ital region.    Urogenital  region  with  additional  anal  tube. 

Age  141-146  hr  (Figs.  16E  and  16F).  Breathing  occurs  by  end 
of  stage;  opercula  moves  at  relatively  slow,  but  constant,  rate. 
Blood  darker  on  yolk,  lighter  in  embryos.    Constriction  of  dorsal  fin 



LIFE  HISTORY  OF  THE  SLENDER  MADTOM  41 

results  in  formation  of  dorsal  and  adipose  fins.  Terminal,  recurved 

portion  of  vertebral  column  degenerating.  Sporadic  jerks  of  em- 
bryos more  frequent. 

Age  150-156  hr.  Blood  flow  in  embryo  more  pronounced;  two 
main  vessels  extend  posteriorly  from  vitelline  arteries.  Blood  flow 

present  in  pectoral  fins;  all  other  fins  apparently  devoid  of  circu- 
lation. Embryos  exhibit  occasional  violent  spasms  lasting  30-50  sec. 

Age  160-164  hr.  Minimal  melanophore  differentiation  on  body 
and  head  posterior  to  eyes,  and  lateral  to  posterior  part  of  brain. 
Pectoral  fins  occasionally  flex. 

Age  168-175  hr  (Figs.  17A  and  17B).  Further  development  of 
pigment  on  head  and  nape,  concentrated  immediately  anterior  and 
posterior  to  eyes  in  small  clumps;  some  melanophores  scattered  over 
dorsum  of  head,  some  extend  to  first  few  myomeres  of  nape.  Violent 

spasms  subside  in  most  individuals;  tail  flexures  infrequent.  Em- 
bryos slowly  move  around  in  chorion.  Further  opercular  develop- 
ment; gills  no  longer  exposed.  Pelvic  fins  present,  but  no  ray 

development;  rays  developing  in  caudal  and  anal  fin  regions. 

Age  180-187  hr.  At  187  hr,  three  individuals  from  one  clutch 
hatch.  During  hatching  process,  tail  breaks  through  chorion  first; 
with  increased  flexion  of  tail,  embryos  expand  opening  and  later 

exit.  Circulation  visible  in  dorsal  and  adipose  fins  as  single  wave- 
like vessel. 

Age  194-197  hr  (Figs.  17C  and  17D).  About  50  percent  of 

embryos  "have  hatched  or  in  process  of  hatching.  Hatchlings  active 
with  well-developed  barbels  and  fins.  Schooling  behavior  well- 
developed;  swimming  clumsy.  Increased  activity  of  embiyos  occurs 
under  bright  light  and  when  dish  is  struck  lightly.  While  swimming, 
hatchlings  maintain  dorsal  position  over  yolk,  out  when  immobile, 
usually  roll  to  one  side.  Muscle  flexures  originate  in  thoracic  region 
and  move  posterior  on  body  to  caudal  fin,  causing  embryo  to  move 

forward.  Melanophores  further  developed  on  dorsum  of  back;  uro- 
genital duct  and  anus  present;  further  development  of  rays  in  anal 

and  caudal  fins.  Nares  tube-like  and  extend  from  head.  At  bases  of 

conjoined  pectoral  fins,  small  pits  begin  to  form  rudimentary  axillary 
pores  (Reed  1907,  1924;  Birkhead  1967,  1972).  Six  hatchlings  are 
7.5-9.0  mm  TL  (x  =  8.13).   All  embryos  hatched  by  210  hr. 

Age  1  day  old  (Figs.  18A  and  18B).  Melanophores  concentrated 
over  head  and  nape  and  lightly  scattered  over  trunk  and  yolk  sac 
adjacent  to  embryo.  Rays  differentiating  in  pectoral  fins;  pelvic  fins 
extend  away  from  body;  branchiostegal  rays  developing.  Many 
hatchlings  resting  in  shade  beneath  air  stones  and  are  positively 

geotropic.   Three  specimens  are  9.4-13.2  mm  TL  (x  =  10.7). 

Age  3  days  old  (Figs.  18C  and  1SD).  Beginning  of  ray  develop- 
ment in  all  fins;  pectoral  and  dorsal  fin  spines  differentiating.  Lat- 
eralis system  consists  of  open  canals  and  pits,  on  head  only.    Pig- 
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mentation  more  complete  over  head,  trunk  and  yolk  sac  adjacent  to 
embryo;  most  pigment  concentrated  over  dorsum,  venter  white.  In 
eight  specimens,  TL  ranges  from  8.7  to  12.0  mm  (x  =  10.52). 

Age  6  days  old  (Figs.  19A  and  19B).  With  exception  of  a  few 
characters,  six-day-old  larvae  closely  resemble  adults.  Nearly  all 
fin  rays  and  spines  completely  developed  and  constrictions  sepa- 

rating fins  nearly  complete.  Anal  and  caudal  fins  remain  slightly 
connected;  fin  rays  unsegmented.  Melanophores  basally  on  some 

fin  rays  and  membranes  of  caudal,  dorsal  and  adipose  fins.  Melano- 
phore  distribution  much  more  concentrated  over  body.  Pores  of 
cephalic  lateralis  system  connected  by  closed  canals;  few  small, 
open,  isolated  canals  remain.  Body  robust,  head  flattened.  In  six 
specimens,  TL  ranges  from  11.0  to  12.6  mm  (x  =  12.05). 

After  six  days  the  morphology  and  behavior  of  larvae  are  essen- 
tially like  that  of  adults.  However,  the  typical  black  distal  band  on 

the  dorsal,  anal  and  caudal  fins  in  adults  is  still  not  observed  in 

embryos  up  to  the  thirty-second  day.  At  17  days,  fry  appear  to 
begin  feeding  on  crushed  catfish  chow. 

Teratology 

Of  the  622  age-class-0  A7,  exilis  collected  from  Green  Creek,  six 
were  missing  one  or  both  pelvic  fins.   In  all  other  respects  these  six 

Fie.   19.    -Six-day-old  larva  of  Noturus  exilis,  12.2  nun  TL.    A)  Side  view. 
B )  Top  view. 
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appeared  normal.  In  all  species  of  Noturus,  only  one  other  case  of 
possible  teratology  has  been  reported;  Hocutt  and  Stauffer  (1976) 
noted  a  single  case  of  a  forked  nasal  barbel  in  N.  flavus. 

DIET 

Dipteran  larvae  and  pupae,  ephemeropteran  naiads,  trichopteran 
larvae  and  some  crustaceans  comprised  over  95  percent  of  the  total 

diet  of  264  N.  exilis  (Tables  6-9).  Among  dipterans,  chironomids 
(62.2%)  and  ceratopogonids  (5.2%)  were  most  frequently  eaten. 
Ephemeroptera,  including  the  genera  Stenonema,  Baetis  and  Caenis, 
were  second  in  abundance,  comprising  10.2  percent  of  the  total 
diet.  Trichopteran  larvae,  mainly  of  the  genus  Cheumatopsyche 
and  to  a  lesser  extent  Chimarra,  made  up  5.3  percent  of  the  diet. 
Among  Crustacea,  Asellus  comprised  6.7  percent,  Gammarus  1.3 
percent  and  Copepoda  (Calanoidea)  2.8  percent  of  the  total  diet. 
Infrequently  ingested  items  included  nematodes,  annelids,  other 
crustaceans,  dipteran  pupae,  beetle  (Elmidae)  larvae,  plecopteran 
naiads,  fish  eggs  and  small  stones.  Small  stones  were  surely  ingested 
accidentally  during  feeding.  Males  and  females  did  not  differ  in 
types  or  quantities  of  food  organisms  consumed. 

In  Oklahoma,  the  diet  of  A7,  exilis  was  similar  to  that  of  the 
Green  Creek  population;  predominately  immature  aquatic  insects 

and  crustaceans  were  consumed  (Curd  1960).  However,  ephem- 
eropterans  were  eaten  more  frequently  in  Oklahoma  (88.2%)  and 

comprised  a  slightly  higher  proportion  of  the  diet  than  did  chiro- 
nomids (81.2%). 

Number  of  prey  taxa  increased  to  18  in  early  spring  (April), 

after  the  low  winter  diversity  (5  in  February),  then  stabilized  be- 
tween nine  and  13  through  summer  (Tables  6  and  7).  The  greatest 

diversity  corresponded  with  high  growth  rates  in  spring  (Fig.  5) 
and  preparation  of  adults  for  breeding  (Figs.  6,  9,  10  and  11). 

The  diet  over  spring  and  summer  months  consisted  of  prey  of 
several  taxa  that  were  not  present  in  other  months  (Tables  6  and 
7).  Fish  eggs  consumed  in  April  and  May  were  probably  those  of 
either  Etheostoma  spectabile  or  E.  caeruleum,  both  of  which 
spawned  during  that  period;  cyprinid  eggs  were  consumed  in  July. 

Diversity  of  the  diet  usually  increased  with  increasing  body 

length  (Tables  8  and  9).  Dipteran  larvae  and  pupae,  ephemcrop- 
terans,  plecopterans,  trichopterans  and  crustaceans  were  eaten  by 
fish  of  all  sizes.  Predominance  of  these  taxa  in  the  diet  varied, 

however,  with  age  of  the  fish.  Young  fish  fed  mostly  on  small 
crustaceans  and  small  dipteran  larvae  and  pupae.  Older  fish  ate 
mostly  large  crustaceans  and  large,  immature  aquatic  insects,  but 
still  ate  small  dipterans.  The  percentage  of  the  diet  consisting  of 

copepods  and  ceratopogonids  decreased  significantly   (*  =  0.05) 
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with  increasing  body  size  of  madtom.  A  significant  (a  =  0.05)  in- 
crease in  consumption  of  Asellus  and  Gammarus  occurred  with  in- 

creasing body  size  of  madtom.  The  only  change  in  diet  noted  by 
Curd  (1960)  with  increasing  size  of  fish  was  that  larger  madtoms 
fed  on  larger  food  items. 

Individuals  collected  from  pools  and  riffles  fed  on  similar  types 

and  quantities  of  food  organisms  (Table  10).  However,  hirudi- 
neans,  ostracods,  decapods  and  lepidopterans  were  eaten  only  by 
madtoms  collected  from  pools  and  arachnids,  coleopterans  and 
simulids  were  eaten  only  by  those  collected  from  riffles. 

Table  8.    Stomach  contents  of  Noturus  exilis  from  Green  Creek  by  size  class 
of  madtom    (two  years  combined).    Figures   in  parentheses   are   numbers   of 

stomachs  examined. 

Percent  of  Diet  that  Each  Food  Taxon  < Comprised 
Food  Taxon 

<25 

25-40 41-55 
56-70 

>70 

nun mm mm 
mm 

mm 

(8) 
(85) (83) (72) (16) 

Nematoda 2.9 0.8 1.4 

1.5 

Annelida 

Oligochaeta 
0.1 0.2 0.7 Hirudinea 0.7 

Arachnida 
Araneae 0.2 

Crustacea 
Cladocera 1.0 0.3 
Ostracoda 0.3 0.1 0.3 

Copepoda 14.5 
5.0 

0.6 0.2 
2.1 

Amphipoda 
Gammarus .... 0.3 0.6 

3.5 
2.1 

Isopoda 
Melius 0.6 2.1 5.9 13.9 

8.5 

Dccapoda 
Orconectes 

0.2 Insecta 

Plecoptera 0.6 1.0 
0.6 0.3 0.7 

Ephemeroptera 10.4 4.9 
12.2 13.1 

10.6 
Trichoptera 5.0 5.6 5.0 5.7 4.2 

Coleoptera 
Flinidac 

0.1 Lcpidoptera .... 6.2 
Diptera 

SimuHdae .... 0.3 

Tipulidae 
1.2 6.5 

0.7 
2.1 

Chaoboridae .... 
0.1 0.7 Ceratopogonidae 11.0 6.0 
4.7 

3.7 
2.8 

Chironoxnidae 50.9 71.0 65.1 52.6 61.3 Unidentified 
Pupae 2.9 

0.6 
1.5 

3.4 
3.5 

Teleostoml 
Erks 

.... 
1.2 

1.2 
0.2 .... 
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Table  9.    Stomach  contents  of  Noturus  exilis  from  Green  Creek  by  size  class 
of  madtom    (two  years  combined).    Figures  in  parentheses   are  numbers  of 

stomachs  examined. 

Percent  of  Stomachs in  Which  Food  Taxon  Occurred 
Food  Taxon 

<25 
25-40 

41-55 56-70 

>70 

mm mm mm 
mm 

mm 

(8) (85) (83) (72) (16) 

Nematoda 25.0 
2.4 

6.0 4.2 
Annelida 

Oligochaeta 1.2 1.4 6.3 
Hirudinea 6.3 

Arachnida 
Araneae 2.4 

Crustacea 
Cladocera 5.9 1.2 
Ostracoda 2.4 1.2 2.8 

Copepoda 50.0 11.8 3.6 
1.4 

6.3 
Amphipoda 

Gammarus 1.2 
4.8 

16.7 6.3 
Isopoda 

Asellus 12.5 15.3 36.1 
45.8 43.8 

Decapoda 
Orconectes 1.4 

Insecta 
Plecoptera 12.5 4.7 3.6 

1.4 
6.3 

Ephemeroptera 87.5 25.9 39.8 56.9 
56.3 

Trichoptera 37.5 21.2 33.7 27.8 31.3 
Coleoptera 

Elmidae 1.2 
Lepidoptera 1.4 

Diptera 
Simulidae 2.8 
Tipulidae 12.5 4.8 

5.6 18.8 

Chaoboridae 1.2 
6.3 Ceratopogonidae 50.0 21.2 18.1 18.1 

18.8 

Chironomidae 87.5 82.4 68.7 62.5 75.0 
Unidentified 

Pupae 37.5 3.5 
8.4 

16.7 25.0 
Teleostomi 

Eggs — 1.2 2.4 
1.4 -- 

Feeding  Periodicity 

Feeding  activity,  as  measured  by  mean  number  of  food  items 
(MNFI)  per  stomach,  increased  markedly  between  dusk  and  dawn 
(Fig.  20),  and  was  bimodal.  Peak  feeding  activity  occurred  just 
prior  to  dawn  (0600  hr)  (Fig.  20),  with  a  mean  number  of  84  food 

items  per  stomach  and  digestion  index  ( DI )  of  4.0.  Feeding  there- 
after decreased  sharply  to  1800  hr,  when  all  five  specimens  exam- 
ined contained  empty  stomachs.  The  slight  inflexion  of  MNFI  at 

1200  hr  was  probably  due  to  sampling  error.  There  was  no  indi- 
cation that  fresh  food  had  been  ingested  after  dawn  and  before 

dusk;  most  prey  in  stomachs  during  this  period  were  well  digested. 
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Table  10.    Stomach  contents  of  Noturus  exilis  from  Green  Creek  by  habitat 
(two    years    combined).     Figures    in    parentheses    are    numbers    of    stomachs 

examined. 

Food  Taxon Percent  Diet  for  Each Percent  of  Stomachs  for 
Habitat  that  Each Each  Habitat in  Which 

Food  Taxon  Comprised Food  Taxon  Occurred 

Pools Riffles Pools Riffles 

(114) (104) (114) (104) 

Nematoda 0.8 2.1 2.6 
8.7 Annelida 

Oligochaeta 0.2 0.1 

1.8 
1.0 

Hirudinea 0.1 0.9 
Arachnida 

Araneae 
0.1 

1.0 
Crustacea 

Cladocera 0.3 0.5 2.6 
2.9 

Ostracoda 0.3 

2.6 

Copepoda 3.3 
3.0 

8.8 
777       v 

Amphipoda 
Gammarus 1.5 1.1 

6.1 
6.7 

Isopoda 
Asellus 7.9 

6.0 
36.0 35.6 

Decapoda 
Orconectes 0.1 

0.9 Insecta 

Plecoptera 0.7 0.8 3.5 5.8 

Ephemeroptera 
7.8 11.9 39.5 42.3 

Trichoptera 3.3 
5.1 

24.6 26.9 

Coleoptera 
Elmidae 0.1 

1.0 

Lepidoptera 0.1 0.9 Diptera 
Simulidae 

'.... 

0.3 1.9 

Tipulidae 0.7 0.5 6.1 
3.8 

Chaoboridae 0.9 0.9 
1.0 

1.0 

Ceratopogonidae 5.1 5.4 
20.2 21.2 

Chironomidae 63.0 60.1 70.2 69.2 
Unidentified 

Pupae 3.2 
0.9 

16.7 6.7 
Teleostomi 

Eggs 0.7 1.1 
1.8 

1.9 

A  second,  smaller  peak  in  feeding  activity  occurred  shortly  after 

dusk  (2000  hr)  (Fig.  20),  with  MNFI  of  54  and  DI  of  3.3.  There- 
alter,  and  through  the  night  until  0600  hr,  feeding  intensity  de- 

creased; however,  the  dip  in  MNFI  was  exaggerated  due  to  sam- 
pling error.  From  2400  to  0400  hr,  the  largest  specimen  of  N.  exilis 

from  each  of  the  three  hours  sampled  contained  a  fish  in  its  stomach. 
In  these  madtoms,  food  items  other  than  fishes  were  few.  The  in- 

gestion of  large  prey  probably  caused  the  decrease  in  mean  feeding 
activity  between  2400  and  0400  hr,  because  of  the  inability  of  these 
individuals  to  ingest  additional  food.   The  DI  indicated  that,  though 

! 
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Fig.  20. — Feeding  periodicity  in  Noturus  exilis  expressed  as  mean  number 
of  food  items  per  stomach,  percent  of  individuals  containing  food  items  and 
condition  of  stomach  contents  (digestion  index).  Solid  line  and  solid  circles 
represent  mean  number  of  food  items  per  stomach.;  hatched  line  and  triangles 

represent  digestion  index;  dotted  line  and  squares  represent  percent  of  indi- 
viduals containing  food.    Sunset  and  sunrise  are  indicated  by  solid  vertical  lines. 

feeding  occurred  throughout  the  night,  it  was  most  intense  at  2000- 
2200  hr  and  0600  hr  when  most  individuals  contained  fresh  food. 

The  percentage  of  individuals  feeding  over  time  was  consistent 
with  the  hypothesis  of  a  nocturnal  feeding  period  (Fig.  20).  The 
increase  in  activity  at  1200  hr  is  attributed  to  sampling  error;  the 
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low  DI  at  1200  hr  showed  that  food  remaining  in  stomachs  was 
well  digested  and  that  feeding  must  have  occurred  earlier. 

Bimodal  feeding  activity  was  noted  by  Darnell  and  Meierotto 
(1962)  for  Ictalurus  nielas.  Both  peaks  occurred  at  night  with  a 
major  peak  just  prior  to  dawn  (0330  hr)  and  a  minor  peak  shortly 
after  dark  (2130  hr).  They  also  noted  a  decrease  in  activity  in 

mid-night  ( 2400-0200  hr )  and  no  feeding  during  mid-day.  Feeding 
activity  of  J.  melas,  like  that  of  N.  exilis,  tapered  off  after  an  early 
morning  feeding  peak  and  little  food  was  ingested  between  1200 
and  1600  hr. 

Dipteran  and  ephemeropteran  larvae  were  the  most  frequently 
ingested  food  organisms,  comprising  over  80  percent  of  the  diet 
both  during  most  hours  sampled  and  for  the  total  sample  (Table 
11).  Percentages  of  those  taxa  did,  however,  drop  off  to  60  and  70 
percent  at  1400  and  1600  hr,  respectively.  Of  dipterans,  chironomid 

larvae  were  eaten  most  frequently;  ceratopogonid  larvae  were  con-^ 
sumed  at  most  hours  but  only  in  small  numbers.  Other  dipterans 

that  were  ingested  but  only  irregularly  and  at  low  frequencies  in- 
cluded larval  simulids,  tabanids  and  tipulids.  Dipteran  pupae  were 

consumed  throughout  the  night. 

A  comparison  of  the  frequency  of  occurrence  of  ephemerop- 
terans  and  chironomids  over  the  24-hr  period  (Table  11)  indicated 
that  mayflies  reached  a  peak  of  abundance  in  stomachs  of  N.  exilis 

in  mid-night  (0200  hr).  Chironomids,  however,  exhibited  a  bimodal 
pattern  and  were  more  numerous  than  mayflies,  with  peaks  corre- 

sponding to  peaks  of  overall  feeding  activity  (2000  and  0600  hr). 
Shortly  after  dusk  and  .just  prior  to  dawn,  over  90  percent  of  the 
diet  was  chironomids.  Mayflies  were  low  in  abundance  then,  but 
showed  a  marked  increase  at  0200  hr. 

These  differences  in  abundance  were  probably  caused  by  drift 
activity  of  the  two  prey  types.  Chironomids  drift  predominately 

just  after  dusk  and  just  prior  to  dawn  (Hynes  1970),  which  corre- 
sponds closely  to  their  peaks  in  abundance  in  stomachs  of  N.  exilis. 

Species  of  mayflies  differ  in  times  of  drift  but  drift  mainly  in  mid- 
night during  fall  months  (Hynes  1970).  Since  IV.  exilis  is  primarily 

a  nocturnal  species  and  feeds  principally  by  taste  (as  observed  in 
aquaria)  rather  than  by  sight,  the  type  of  food  ingested  is  probably 
highly  influenced  by  its  abundance  in  the  habitat.  Therefore,  a 
peak  in  chironomids  eaten  at  dusk  and  at  dawn  would  be  expected 
if  a  peak  in  drift  occurred  at  those  times.  The  peak  in  mayfly  con- 

sumption at  0200  hr  may  be  attributed  to  their  drift,  during  mid- 
night, but  may  also  be  attributed  to  a  decreased  relative  abundance 

of  chironomids  to  mayflies. 

Among  other  food  items  found  in  stomachs  of  N.  exilis,  trichop- 
terans  and  plecopterans  were  next  in  abundance  to  chironomids 
and  ephemeropterans.    Coleopterans  consisted  mainly  of  adult  and 
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larval  Psephenus  herricki.  Although  plecopterans  comprised  only  a 
small  percentage  of  the  total  diet,  they  were  frequently  eaten 
through  the  night.  The  two  fishes  eaten,  Notropis  umbratilis  and 

Etheostoma  flabellare,  are  predominately  diurnal  feeders  and  in- 
active at  night. 

DEMOGRAPHY 

Density 

On  five  separate  dates  quantitative  samples  of  N.  exilis  were 
taken  from  pools  and  riffles  in  Green  Creek  by  repeatedly  seining 
a  measured  area  of  stream  until  no  more  madtoms  were  collected. 

The  number  of  specimens  collected  was  transposed  into  the  number 
per  square  meter  (Table  12).  Samples  were  not  taken  between 
April  and  July  because  of  seasonal  changes  in  positions  of  riffle  and 

pool  habitats  and  the  difficulty  in  distinguishing  specific  habitats" 
during  periods  of  high  water. 

The  density  of  N.  exilis  in  riffles  ranged  from  0.6  individuals  per 

m2  in  November  to  12.9  per  m2  in  December  ( Table  12 )  with  peaks 
occurring  in  August  and  December  (Table  12). 

Pools  were  sparsely  populated  during  all  seasons  and  were  de- 
void of  N.  exilis  in  January  and  March.  Pool  densities  ranged  from 

0.0  individuals  per  m2  to  2.3  per  m2.  Noturus  exilis  occupied  both 
pools  and  riffles  in  late  summer  and  fall  probably  as  a  result  of 
recruitment  of  young  after  the  reproductive  season  and  a  decreased 
water  level,  causing  riffle  habitats  to  be  too  shallow  and  small. 

During  some  months  of  the  year  N.  exilis  were  found  in  con- 
centrated groups.  During  fall  and  winter  months  seining  for  an 

extended  period  of  time  in  some  sections  of  the  stream  yielded  only 
a  few  individuals.  However,  when  seining  efforts  were  concentrated 
on  another  section  of  the  creek,  many  individuals  were  taken  with 
a  single  seine  haul.  Aggregations  of  feeding  madtoms  were  also 
observed  during  the  diel  feeding  study. 

TABLE  12.   Number  of  Noturus  exilis  per  square  meter  collected  from  pools  and 
riffles  in  Green  Creek. 

Pools Kittles 
Date Number N umber  per Number Number  per 

Collected 
Square 
Meter 

Collected 
Square Meter 

30  January  1978 0 0.00 
15 

2.69 

is  March  1978 0 0.00 15 3.57 

23  August    1078 
45 

2.30 37 
7.69 

20  November  1078 22 1.89 7 0.60 
3  December  1977 4 0.50 

18 
12.92 

Mean 2.10 5.49 
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Composition 

Of  the  972  N.  exilis  collected  over  the  two  year  period,  64.0 
percent  were  up  to  1  year  of  age,  33.3  percent  were  over  1  year 
and  up  to  2  years  and  2.2  percent  were  over  2  years  and  up  to  3 

years  of  age.  Individuals  older  than  3  years  were  few  and  com- 
prised only  0.5  percent  of  the  population,  with  0.4  percent  of  the 

total  over  3  years  but  less  than  4  years  and  only  0.1  percent  over  4 
years  ( Table  13 ) . 

Sex  ratios  differed  from  the  expected  1:1  for  the  two  years  com- 
bined (Table  13)  and  for  1977-1978.  In  the  total  sample  (N  =  972) 

females  slightly  outnumbered  males  1.1  to  1.0  (x2  =  4.48;  P  < 
0.05).  In  1977-1978  (N  =  436)  females  outnumbered  males  1.3  to 

1.0  (x2  =  7.19;  P  <  0.05).  Monthly  sex  ratios  did  not  differ  signif- 
icantly (a  —  0.05)  from  the  expected  1:1. 

A  predominance  of  one  sex  in  species  of  Noturus  has  been  noted 
by  several  authors  including  Taylor  ( 1969 )  who  frequently  found  a 
skewed  ratio  for  some  species  (e.g.,  N.  eleutherus  and  N.  stig- 
mosus).  Thomerson  (1966)  found  males  of  N.  funebris  to  slightly 
outnumber  females,  especially  in  larger  size  classes.  Clugston  and 
Cooper  ( 1960 )  reported  a  greater  number  of  females  than  males  in 
N.  insignis  and  suggested  that  the  difference  was  due  to  sampling 
bias.  In  collections  of  N.  gyrinus  from  Lake  Erie,  males  slightly 

outnumbered  females  in  young  specimens  but  significantly  out- 
numbered them  in  older  age  classes  (Mahon  1977).  In  collections 

of  N.  albater  from  southeastern  Missouri,  females  outnumbered 

males  1.8-1.4  to  1  (Mayden  et  al.  1980). 

Survival 

Relative  survival  values  (Table  14)  for  each  year  of  life  were 
calculated  for  males,  females  and  total  samples  of  N.  exilis,  using 
the  data  in  Table  13.  Calculations  assumed  that  each  age  class  was 
collected  in  proportion  to  its  relative  number  in  the  population,  that 
all  individuals  in  one  age  class  were  subject  to  similar  mortality 
rates,  that  the  population  was  neither  increasing  nor  decreasing  and 
that  the  number  of  young-of-the-year  entering  the  population  each 
year  was  constant. 

Survival  rates  for  males  and  females  were  similar  (Table  14  and 
Fig.  21).    Unlike  the  Type  III  survivorship  curve  suggested  by 

Table  13.    Distribution  of  sexes  and  year  classes  in  samples  of  Noturus  exilis 
from  Green  Creek  between  6  November  1977  and  29  October  1979. 

Sex Number by  Year  Class Total 

0 

1+ 
2+ 

3+ 

4+ 

Males 
Females 

Total 

290 
332 
622 

151 
173 
324 

9 
12 

21 

2 
2 
4 

1 

1 

453 

519 
972 
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Table  14.    Relative  survival  of  year  classes  of  Noturus  exilis  in  Green  Creek 

expressed  as  proportions  of  the  0  year  class  (lx1),  the  1+  year  class  (lx2), 
the  2+  year  class  (lx3)  and  the  3+  year  class  (lx4). 

Sample Year Number 
Survival Class of 

Specimens 

lxi 

lx2 
lx3 lx* 

Males 0 290 1.000 
1+ 

151 0.521 1.000 
2+ 

9 0.031 0.060 
1.000 

3+ 

2 0.007 0.013 0.222 1.000 
4+ 

1 0.003 0.007 0.111 0.500 
Females 0 332 1.000 

1+ 

173 0.521 1.000 
2+ 

12 
0.036 0.069 1.000 

3+ 

2 0.006 0.012 0.167 1.000 

4+ 

0 
Total 0 622 1.000 

Sample 

1+ 

324 0.521 1.000 
2+ 

21 0.034 0.065 1.000 

3+ 

4 0.006 0.012 0.190 1.000 
4+ 

1 0.002 0.003 0.048 0.250 

Deevey  ( 1947 )  as  usual  for  fishes,  survival  rates  for  N.  exilis  were 
intermediate  between  Types  II  and  III  (Deevey  1947)  and  inter- 

mediate between  Types  III  and  V  as  outlined  by  Ricklefs  (1973). 
That  is,  there  was  about  50  percent  mortality  early  in  life,  lower 
than  expected,  and  a  relatively  constant  decreasing  mortality  with 
increasing  age.  Both  sexes  experienced  a  lower  survival  in  their 
second  year  of  life  than  in  their  first.  The  low  survival  rate  at  2 

years  of  age  may,  in  part,  be  related  to  the  onset  of  maturity.  After 
2  years,  females  had  a  slightly  lower  survivorship  than  males.  This 
may  be  related  to  the  increased  stress  of  egg  production  at  older 
ages.  Females  experienced  their  lowest  survival  in  their  fourth  year 
of  life.  Males  lived  longer  and  experienced  their  lowest  survival 
in  their  fifth  year  of  life. 

Longevity 

The  maximum  life  span  for  N.  exilis  in  Green  Creek  appeared 
to  be  5  years  (Table  13).  The  single  59-month-old  male  collected 
May,  1979,  was  100.0  mm  SL.  Few  individuals  of  either  sex  lived 
longer  than  2  years  (Tables  13  and  14). 

Longevity  in  other  species  of  Noturus  ranges  from  2  to  9  years. 
Noturus  flavus,  the  largest  of  all  Noturus  (Taylor  1969),  is  the 

longest-lived  species  with  a  maximum  life  span  of  9  years  (Scott 
and  Crossman  1973).  Noturus  funebris  and  N.  insignis  both  live  a 
maximum  of  4  years  (Thomerson  1966,  Clugston  and  Cooper  I960); 
N.  albater  is  reported  to  reach  3  years  (Mayden  et  al.  1980).  Pop- 

ulations of  N.  gyrinus  have  been  reported  to  live  to  nearly  4  years 
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Fig.  21. — Survival  curves  for  Noturus  exilis  from  Green  Creek.  Points  on 
curves  were  obtained  by  multiplying  data  in  the  survival  column  lx1  of  Table 
14  by  1000.    The  ordinate  is  a  logarithmic  scale. 

in  Lake  Erie  (Mahon  1977)  and  2  years  in  Demming  Lake,  Minne- 
sota (Hooper  1949). 

INTERACTIONS  WITH  OTHER  ORGANISMS 

Predation 

In  addition  to  N.  exilis  egg  predation  by  nest-guarding  males 
only  two  other  cases  of  predation  were  observed.  Orconectes  virilis, 
Campostoma  anomalum  and  Etheostoma  caeruleum  ate  embryos 
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after  nests  were  exposed  by  observers  and  abandoned  by  guardian 
males.  Fowler  (1917)  observed  hatchling  predation  of  N.  insignis 
by  a  cyprinid,  but  only  after  the  young  had  been  dislodged  from 
the  nest.  Notropis  zonatus,  Etheostoma  caeruleum  and  Percina 
evides  were  observed  eating  embryos  and  hatchlings  of  N.  albater 
after  nests  had  been  exposed  (Mayden  et  al.  1980). 

As  potential  predators  of  N.  exilis,  one  Amia  calva  (420  mm), 
three  Semotilus  atromaculatus  (93.0-126.4  mm),  three  Ictalurus 
natalis  (34.0-90.0  mm),  one  Cottus  carolinae  (48.7  mm),  four  Mi- 
cropterus  punctulatus  (135.2-177.0  mm),  10  Lepomis  megalotis 
(87.0-130.9  mm)  and  one  Pomoxis  annularis  (113.0  mm)  were  ex- 

amined from  Green  and  Hutchins  creeks.  No  remains  of  N.  exilis 
were  found  in  their  stomachs. 

Parasitism 

Noturus  exilis  from  Green  Creek  were  frequently  parasitized  by 
encysted  nematodes;  of  the  361  individuals  examined,  140  were 

infested.  Cyst  infestation  occurred  as  early  as  2-months-of-age  (23.7 
mm)  and  was  found  in  all  older  age  classes.  Cysts  were  located  in 

gastrointestinal  mesenteries,  on  the  exterior  of  the  stomach  or  in- 
testine and  extended,  in  some  specimens,  from  the  outside  of  the 

stomach  or  intestine  by  a  cord.  The  number  of  cysts  per  individual 
madtom  usually  ranged  from  one  to  15,  but  in  some,  an  estimated 
100  or  more  cysts  were  present  per  individual.  Diameters  of  cysts 

ranged  from  0.2  to  0.5  mm,  x  —  0.33,  and  length  of  the  longest 
cord  extending  from  a  stomach  was  2.6  mm.  Infestation  occurred 
during  all  months  of  the  year  but  the  percent  of  individuals  infested 
varied  each  month.  Infestation  was  highest  in  March  and  April 
with  57  and  52  percent  infestation,  respectively,  and  lowest  in  June 
and  September  with  18.2  and  17.9  percent  infestation,  respectively. 
For  all  other  months,  percent  infestation  ranged  from  24  to  49 
percent. 

Eighteen  acanthocephalans  (Leptorhyncoides)  were  found  in 

intestines  of  11  individuals  from  February,  March,  April  and  Sep- 
tember.  There  were  one-two  Leptorhyncoides  per  individual. 

The  only  ectoparasites  were  one  piscicolid  leech  attached  to  the 
prctoral  fin  of  a  57.4  mm  female  in  November  and  one  copepod 
(Ergasilis)  on  the  first  gill  arch  of  a  74.1  mm  male  in  February. 
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SUMMARY 

Major  aspects  of  the  life  history  of  Noturus  exilis  were  studied 
from  collections  and  observations  made  at  Green  and  Hutchins 

creeks,  Union  County,  Illinois,  between  6  November  1977  and  29 
October  1979.  During  the  study,  972  specimens  ranging  in  age  from 
1  to  59  months  were  collected  from  Green  Creek  and  16  nests  were 
found  in  Green  and  Hutchins  creeks. 

Habitat  varied  with  age  and  season  of  the  year;  juveniles  were 
usually  in  shallow  riffles  and  adults  in  pools,  except  during  the 
breeding  season  when  adults  were  most  frequently  found  in  riffles. 

The  density  in  pools  ranged  from  0.00  madtoms  per  m2  in  January 
and  March  to  2.30  per  m2  in  August,  in  riffles  from  0.60  in  No- 

vember to  12.92  in  December. 

Individual  N.  exilis  grew  in  standard  length  at  a  decreasing  rate 
and  in  adjusted  body  weight  at  a  constant  increasing  rate  for  at  least 

3-|-  years  for  females  and  4-f-  years  for  males.  One-half  of  the  first 

year's  growth  in  length  was  reached  in  about  3  weeks;  about  4 
months  was  required  to  attain  one-half  of  the  first  year's  weight. The  maximum  size  attained  at  Green  Creek  was  100.0  mm  standard 

length  for  males  and  81.2  mm  for  females.  Growth  rates  fluctuated 
seasonally  and  were  highest  during  the  first  12  months  of  life. 
Survival  of  males  and  females  was  similar  and  was  least  in  the 

second  year  of  life.  In  the  total  sample,  females  slightly  outnum- 
bered males,  but  the  difference  was  probably  the  result  of  sampling 

error. 

Both  sexes  generally  matured  in  2  years;  however,  some  indi- 
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viduals  1  year  of  age  had  some  characteristics  of  mature  individuals. 
In  mature  and  some  subadult  males,  a  gradual  increase  in  the 
gonadosomatic  index  (GSI)  was  observed  from  early  winter  to 

May-July  when  a  peak  in  relative  testis  weight  was  observed.  Most 
adult  and  some  subadult  females  had  mature  ova  from  April  to  late 
July.  During  the  breeding  season,  there  was  sexual  dimorphism  in 
shape  and  size  of  the  genital  papillae  and  males  had  swollen 
cephalic  epaxial  muscles. 

Adult  females  maintained  a  greater  mean  GSI  than  subadult 
females  over  the  two  years,  and  were  more  consistent  in  their 

ovarian  cycle.  During  spawning  (May-July),  1-year-old  females 
consistently  produced  fewer  and  lighter  (i.e..  mg)  ovarian  eggs  and 

had  a  lower  GSI  than  did  breeding  females  2-years-old  or  older. 
The  number  of  mature,  ovarian  eggs  produced  by  a  female  ranged 
from  26  to  150  (x  =  83.6)  and  was  correlated  with  length,  weight 
and  age  of  the  female. 

The  nesting  season  spanned  at  least  17  June  to  17  July.  Nests 
were  always  found  in  cavities,  constructed  by  adult  males,  in  either 
pools  or  riffles  beneath  large  rocks.  In  all  cases  only  one  clutch  of 
eggs  was  found  per  nest.  Nests  were  either  guarded  by  a  single 
male,  by  both  a  male  and  female  or  unattended.  Clutch  size 

averaged  51;  eggs  were  spherical  and  amber,  were  3.9-4.5  mm  in 
diameter  (yolk  diameter  =  3.2-3.6)  and  adhered  to  each  other  in 
a  roundish  mass.  Etheostoma  caeruleum,  Campostoma  anomalum 

and  Orc'onectes  virilis  were  observed  eating  N.  exilis  eggs. 
Clutches  of  eggs  incubated  in  the  laboratory  at  25 °C  hatched  in 

187-210  hr.  Hatching  success  in  the  laboratory  ranged  from  39  to 
75  percent.  Within  a  clutch,  embryos  generally  exhibited  synchrony 
in  development. 

Aquatic  dipteran  larvae  and  some  crustaceans  were  the  domi- 
nant food  items  found  in  stomachs.  The  types  and  sizes  of  food 

items  consumed  varied  with  size  of  the  madtom  and  habitat  in 

which  it  was  found.  Feeding  activity  in  September  increased  mark- 
edly at  night  and  was  bimodal,  with  peaks  occurring  at  2000  and 

0600  hr. 

Individual  N.  exilis  were  frequently  parasitized  by  encysted 
nematodes  and  less  frequently  by  acanthocephalans,  leaches  and 
parasitic  copepods. 
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UNITED  STATES  AND  CANADA, 

WITH  NOTES  ON  MIDDLE  AMERICAN  SOREX 

By 

Jane  
Ann  

Junge1  
and  Robert  

S.  Hoffmann2 The  long-tailed  shrews  are  a  widespread  and  diverse  group  of 
small  mammals  living  in  the  northern  parts  of  both  hemispheres. 
Many  species,  especially  the  smaller  members  of  this  Holarctic 
genus  (Sorex),  are  poorly  known,  since  individuals  are  difficult  to 
capture  and  even  more  difficult  to  observe. 

The  last  complete  revision  of  American  Sorex  (including  Micro- 
sorex,  treated  here  as  a  subgenus)  was  that  of  Jackson  (1928).  In  the 
last  half-century,  a  number  of  studies  have  clarified  the  systematic 
relationships  of  taxa  within  the  genus,  but  these  have  not  been 
compiled  in  a  single  review.  Moreover,  the  most  recent  key  (Hall, 

1981)  for  the  most  part  still  reflects  the  species  concepts  of  Jack- 

son's revision,  and  depends  heavily  on  geographic  criteria. 
In  this  annotated  key,  species  are  identified  on  the  basis  of  skull 

characters,  in  particular  those  of  the  maxillary  toothrow,  since  the 
rostral/palatal  region  seems  to  remain  patent  even  in  specimens 
where  the  skull  has  been  badly  damaged.  The  practical  significance 

of  basing  the  key  on  these  characters  is  that  it  will  permit  identi- 
fication of  material  from  archeological  or  paleontological  sites,  as 

well  as  shrews  damaged  in  capture,  during  preparation,  or  when 
decomposition  has  rendered  body  characters  difficult  or  impossible 
to  assess.  The  key  includes  new  skull  drawings  to  illustrate  im- 

portant characters. 

1  Curatorial  Assistant,  Museum  of  Natural  History  and  Department  of  Sys- 
tematics  and  Ecology,  The  University  of  Kansas,  Lawrence,  Kansas  66045. 
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The  notes  on  each  species  following  the  key  describe  external 
characteristics  useful  in  identifying  species,  as  well  as  suggestions 

for  distinguishing  among  species  of  shrews  found  in  the  same  geo- 
graphic area,  and  relevant  habitat  associations.  Shrews  that  cannot 

be  separated  readily  on  the  basis  of  skull  characters  are  seldom 
found  in  the  same  geographic  areas  (there  are  exceptions  to  this  in 
the  Sorex  cinereus  group ) ;  therefore,  distribution  is  a  useful,  though 
not  infallible,  aid  in  identification.  The  range  maps  for  each  species 

have  been  redrawn  from  published  sources  to  reflect  current  dis- 
tributional records. 

The  superspecies  concept  and  nomenclatural  concepts  advocated 
by  Amadon  (1966)  are  employed  herein.  Decisions  concerning  the 
validity  of  species  or  allospecies,  although  based  on  the  published 
literature  as  noted,  are  the  responsibility  of  the  second  author.  The 
Middle  American  Sorex  are  currently  under  study  by  Hoffmann  and 
others  and  are  therefore  omitted  from  this  key,  pending  revisiori. 

These  shrews  are  included  in  the  comments  and  provisional  classi- 
fication. For  a  recent  key  to  the  Old  World  Sorex  see  Corbet  (1978) 

and  references  cited  therein. 

Key  Characters 
Subgeneric  Identification 

The  presence  of  the  post-mandibular  foramen  is  used  as  a 
character  to  differentiate  the  subgenus  Sorex  from  the  subgenera 
Otisorex  and  Microsorex.  The  mandibular  canal  is  present  in  all 
three  subgenera;  its  foramen  is  situated  on  the  lingual  side  of  the 
ramus  of  the  jaw,  the  canal  running  forward  toward  the  incisors. 

The  post-mandibular  foramen  appears  in  the  general  vicinity  of  the 
mandibular  foramen  in  the  subgenus  Sorex,  but  the  post-mandibular 
canal  runs  up  into  the  ramus  of  the  jaw.  The  mandibular  and  post- 
mandibular  foramina  may  be  separated  on  the  jaw  or  may  be  con- 

fluent in  the  same  depression  (Fig.  1).  The  best  way  to  identify 

the  post-mandibular  canal  is  to  insert  a  fine  probe  or  stiff  hair  into 
the  foramen.  Occasionally  the  post-mandibular  foramen  and  canal 
are  absent  in  individuals  of  the  subgenus  Sorer,  more  frequently  in 
some  species  than  in  others;  likewise  a  small  foramen  and  canal 
may  occasionally  be  present  in  Otisorex  shrews,  at  least  on  one  side 
<>l  the  jaw. 

A  pigmented  ridge  runs  from  the  apex  to  the  cingulum  on  the 
lingual  side  of  each  nnienspid  tooth  (see  below)  of  shrews  in  the 

subgenera  Otisorex  and  Microsorex.  The  ridge  may  end  in  a  pig- 
mented cusplet  The  presence  or  absence  of  the  ridge  (Fig.  2)  is 

not  highly  variable  and  is  usually  the  best  character  to  use  in  sub- 
generic  determinations.  In  some  individuals,  however,  pigmentation 
of    the    ridge    may    be    faint   or   absent,   especially   in   the    species 
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Fig.  1. — Ventrolateral  view  of  posterior  portion  of  mandible  showing;  a) 
absence  of  post-mandibular  canal  characteristic  of  Otisurex,  and  b)  presence 
of  post-mandibular  canal  characteristic  of  Sorex.  Bar  represents  1  mm  in  this 
and  subsequent  figures. 

fumeus,  dispar,  gaspensis,  nanus,  and  longirostris.  The  distribution 
of  these  shrews  is,  fortunately,  mostly  outside  that  of  any  species  of 
the  subgenus  Sorex. 

Long  considered  a  separate  genus,  Microsorex  was  reduced  to 
subgeneric  status  by  Diersing  (1980).  He  considered  Microsorex  to 
be  the  most  specialized  member  of  a  gradational  series  of  Otisorex 

shrews  having  increasingly  larger  accessoiy  tines  on  the  antero- 
medial  surface  of  the  first  upper  incisor;  at  the  same  time  the  jaws 
become  shorter,  leading  to  a  reduction  in  size  of  the  third  and  fifth 
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Fig.  2. — Ventro-lateral  view  of  rostrum,  showing  occlusal  surface  of  uni- 
cuspid  teeth;  a)  pigmented  ridge  characteristic  of  Otisorex,  and  b)  lack  of 
pigmented  ridge  characteristic  of  Sorex. 

unicuspid  teeth  of  the  maxillary  row.  In  Microsorcx,  U3  is  com- 
pressed antero-posteriorally  into  a  tiny  disc  which  is  usually  not 

visible  in  lateral  view.  We  agree  with  Diersing  that  the  reduction 
of  U3  is  not  a  sufficient  basis  to  warrant  generic  rank  (see  also 
Repenning,  1967).  The  two  species  thompsoni  and  hoyi  recognized 
by  Long  (1972,  1974)  were  synonymized  under  Sorex  hoyi  by  Van 
Zyll  dc  Jong  (1976a)  and  Diersing  (1980). 

Specific  Characters 

Accessory  medial  tine  of  the  first  upper  incisor  (II) 

Ileptner  and  Dolgov  (1967),  Yudin  (1969),  Hoffmann  (1971), 
Hennings   and   Hoffmann    (1977),   and   Diersing  and   Hoffmeister 
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(1977)  used  the  antero-medial  tine  on  the  first  upper  incisors  as  a 
primary  character  in  differentia  ting  certain  shrews.  The  presence 
or  absence  of  this  tine,  its  relative  size,  placement  on  the  tooth,  and 
the  relationship  of  the  pigmented  area  of  the  tine  to  that  of  the 
main  pigmented  area  of  the  incisor  are  important  characters  used 
to  discriminate  between  species  in  this  key.  The  relative  positions 
of  tine  and  pigment  remain  constant  throughout  the  life  of  the  indi- 

vidual, becoming  obscure  only  in  old  age  when  the  incisors  are 
extremely  worn.  There  seems  to  be  little  individual  variation  of  the 
tine  within  species,  although  it  may  be  extremely  small  and  difficult 
to  find  in  some  (e.g.,  S.  troiobridgii),  and  absent  in  other  species. 

Unicuspid  teeth 

The  five  teeth  in  the  maxillary  toothrow  following  the  first  in- 

cisor (II)  are  usually  called  "unicuspids"  (Figs.  2,  4).  The  homol- 
ogies of  these  teeth  are  not  clear  (Repenning,  1967);  all  are  char- 

acterized by  development  of  a  single  cusp,  making  the  tooth  appear 
conical.  The  unicuspids  are  numbered  Ul  through  U5;  the  four 
molariform  teeth  behind  the  unicuspids  are  P4  through  M3. 

Generally,  Ul  and  U2  are  subequal  in  size  and  larger  than  U3 
and  U4.  U5  is  always  small.  U3  and  U4  are  seldom  the  same  size 
(except  in  S.  dispar  and  S.  gaspensis)  and  their  relative  size  is  one 

of  the  characters  used  in  this  key.  Occasionally  there  may  be  indi- 
viduals within  a  species  where  U3  and  U4  are  subequal,  rather 

than  of  different  sizes  (20%  of  S.  longirostris;  T.  French,  pers. 
comm. ).  With  the  possible  exception  of  S.  cinereus  ohionensis,  the 
size  relationship  is  never  consistently  reversed  within  a  population. 

The  relative  sizes  of  the  unicuspids  are  evident  throughout  the  life- 
span of  the  individual  until  advanced  old  age,  when  excessive  tooth 

wear  may  obscure  the  relationship. 
In  ventral  view,  the  sides  of  the  unicuspids  may  appear  flat  in 

some  species  (Fig.  23b),  and  relatively  inflated  ("bulbous";  see 
Choate,  1970)  in  others  (Fig.  23a).  Choate  relates  the  degree  of 
bulbousness  of  the  teeth  in  Cnjptotis  to  the  hardness  of  food  items 
— those  species  with  bulbous  teeth  having  to  deal  with  relatively 
hard  food  items.  J.  S.  Mellett  (pers.  comm.)  has  suggested  that 
fibrous  materials  such  as  chitin  may  be  more  digestible  if  the  fibers 

are  reduced  to  small  particle  size.  A  more  wedge-shaped  tooth  is 
more  efficient  in  this  respect.  Although  the  relationship  of  tooth 
shape  to  diet  in  Sorex  has  not  been  studied,  the  character  seems 
useful  in  making  some  distinctions  in  the  key. 

Skull  length 

Two  skull  length  measurements  are  commonly  used  (Kirkland 
and  Van  Deusen,  1979);  condylobasal  length  (anterior  medial  point 
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on  premaxillary  bones  to  posteriormost  point  on  occipital  condyle), 
and  greatest  length  ( anteriormost  point  on  the  first  incisor  to  pos- 

teriormost point  on  the  occipital  condyle)  (Fig.  3).  Both  are  highly 
correlated  with  the  overall  mass  and  linear  dimensions  of  the  indi- 

vidual shrew,  as  well  as  with  each  other.  Condylobasal  length  is 
the  more  difficult  of  the  two  to  take,  particularly  on  small  shrews, 
since  it  requires  that  one  point  of  the  calipers  or  dividers  be  placed 
between  the  incisors.  Greatest  length,  while  easy  to  measure,  is 
subject  to  more  age  variation  since  the  positions  of  the  first  incisors 
shift,  rotating  downwards  as  the  individual  ages  and  its  teeth  wear 
down  (Diersing  and  Hoffmeister,  1977;  Diersing,  1980).  The  skull 
length  measurement  employed  here  is  condylobasal  (CB)  length. 

Skull  length  is  useful  in  distinguishing  between  species  in  a 
single  region,  although  interspecific  geographic  variation  in  size 
renders  the  measurement  less  useful  as  an  absolute  criterion.  For 

example,  where  Sorex  vagrans  and  Sorex  monticolus  are  sympatric, 

the  latter  is  the  larger  shrew  at  any  one  locality,  even  though  over- 
all there  is  considerable  overlap  in  measurement  (Hennings  and 

Hoffmann,  1977).  In  Sorex,  age  and  sex  do  not  affect  condylobasal 
length,  so  shrews,  regardless  of  sex  and  extent  of  tooth  wear,  may 
be  compared.  This  is  not  to  say  that  variation  due  to  age  does  not 
appear,  but  it  is  slight  (Findley,  1955a;  Van  Zyll  de  Jong,  1980; 
Diersing,  1980). 

Rostral /palatal  size  and  proportions 

The  size  and  shape  of  the  anterior  part  of  the  skull  is  also  useful 

in  differentiating  species  of  Sorex.  This  ranges  from  the  long,  nar- 
row rostrum  of  S.  clispar  (Figs.  5b,  c)  to  the  short,  broad  rostrum 

of  S.  merriami  (Fig.  22a),  but  even  superficially  similar  species 
such  as  S.  cinereus  and  S.  haycleni  can  be  distinguished  by  their 
rostral /palatal  proportions.  Differences  in  proportions  are  best 

shown  by  either  a  bivariate  plot  or  by  the  ratio  of  a  width  measure- 
ment against  a  length  measurement,  such  as  width  across  upper 

second  molars  versus  unicuspid  toothrow  length  (Van  Zyll  de  Jong, 
1980).  Other  measurements  sometimes  used  are  maxillary  breadth, 
maxillary  toothrow  length,  and  palatal  length  (Fig.  3).  Maxillary 
and  unicuspid  toothrow  length  are  correlated  with  skull  length,  and 
may  be  used  as  an  indication  of  size  when  other  parts  of  the  skull 
are  damaged. 

Interorbital  breadth 

While  this  measurement  (Fig.  3)  is  not  particularly  variable 
between  species,  it  may  occasionally  be  useful.  It  has  been  used 
in  distinguishing  between  S.  vagrans  and  S.  monticolus  (Hennings 
and  Hoffmann,  1977). 
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Fig.  3. — Lateral  and  ventral  views  of  skull  of  Sorex  dispar,  showing  meas- 
urements referred  to  in  text.  B-C,  length  of  unicuspid  toothrow;  B-D,  length 

of  maxillary  toothrow;  E-D',  length  of  molariform  toothrow;  A-H,  condylobasal 
length;  K-H,  greatest  length  of  skull;  K-M,M',  length  of  rostrum;  J-J',  width 
of  M2-M2;  A-F,  palatal  length;  G-G',  cranial  breadth;  N-P,  cranial  height; 
M-M',  maxillary  breadth;  L-L',  interorbital  breadth. 
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Cranial  breadth  and  height 

Measurements  of  these  dimensions  (Fig.  3)  are  often  frustrated 
by  the  fragile  nature  of  the  braincase  of  Sorex;  moreover,  cranial 
height  varies  with  age  and  seasonally  (Dehnel,  1949;  Pucek,  1957; 

Dapson,  1968).  Therefore,  quantitative  measurements  of  these  char- 
acters have  not  been  employed,  although  qualitative  statements 

concerning  relative  flatness  of  the  braincase  are  useful. 

Zygomatic  plate 

The  zygomatic  plate  comprises  the  outer  wall  of  the  infraorbital 
canal.  It  is  bordered  anteriorly  by  the  anterior  opening  of  the  canal, 
posteriorly  by  its  posterior  opening  and  the  maxillary  process,  and 
is  pierced  by  the  lacrimal  foramen.  The  position  of  the  anterior 
border  of  the  plate  and  of  the  lacrimal  foramen  relative  to  the  first 
and  second  upper  molar  teeth  is  sometimes  a  useful  taxonomic 
character  (Van  Zyll  de  Jong,  1980). 

External  measurements 

The  external  measurements  usually  taken  on  shrews  are  total 
length,  length  of  tail,  and  length  of  hind  foot.  Since  this  key  is 
based  on  cranial  characters,  other  measurements  are  mentioned  only 
in  the  notes  on  each  species.  Another  reason  for  avoiding  external 

measurements  is  that  in  such  small  animals,  subject  to  rapid  de- 
composition and  deformation  in  the  measuring  process,  it  is  difficult 

to  make  accurate  measurements,  particularly  of  total  length.  Since 
skull  or  toothrow  (see  above)  lengths  are  correlated  with  external 
linear  dimensions  and  can  be  measured  more  accurately,  they  are 
preferred  as  an  indication  of  size. 

Key  to  the  Long-tailed  Shrews  (Genus  Sorex) 
of  the  United  States  and  Canada 

1.  Usually  no  post-mandibular  foramen  (Fig.  la);  or,  if  pres- 
ent, small  and  often  only  on  one  mandible.  Unicuspids 

with  a  ridge,  usually  pigmented,  on  the  lingual  face,  run- 
ning from  apex  to  cingulum,  sometimes  ending  in  a  pig- 

mented cusplet  (Fig.  2a).            2 

la.  Usually  a  well-developed  post-mandibular  foramen  (Fig. 
lb).  No  pigmented  ridge  on  lingual  face  of  the  unicuspids 
(Fig.  2b).   Subgenus  Sorex      22 

2.  Unicuspid  toothrow  "crowded,"  only  three  unicuspids  easily 
visible  in  lateral  (buccal)  view  (Fig.  4a);  U3  tiny,  disc- 

like; U4  of  normal  size  and  shape;  U5  minute  (Fig.  4b). 

Accessory  medial  tine  on  anterior  surface  of  first  upper  in- 
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cisor  (II)  relatively  large  and  long  (Fig.  4c).    Condylo- 
basal  (CB)  length  12.7-15.8  mm.   Distribution,  boreal  and 
montane  (Fig.  24).   Subgenus  Microsorex    
   Sorex  hoyi  (p.  25) 

2a.  Four  or  five  unicuspids  visible  from  side;  U3  equal  to  or 
larger  than  U4  (Fig.  5a),  or  if  smaller,  of  normal  shape 

rather  than  disc-like  (Fig.  6a).  Medial  tine,  if  present,  not 
as  above  (Figs.  6b,  7b,  9).   Subgenus  Otisorex      3 

3.  U3  and  U4  usually  equal  in  size  ( Fig.  5a,  b ) ,  or  if  different, 

U3  slightly  smaller;  anterior  edge  of  zygomatic  plate  pos- 
terior to  plane  separating  Ml  and  M2  (Fig.  5a);  rostrum 

unusually  long  and  narrow,  cranium  flattened.  Unicuspids 
widely  spaced,  relatively  narrow  (Fig.  5b,  c);  ridge  on 
lingual  face  of  unicuspids  often  lacking  pigment  (Fig.  5c). 
Sorex  dispar  group       4 

3a.  Not  as  above      5 

4.  Skull  larger,  CB  length  16.5-18.4  mm.  Distributed  in  up- 
land areas  in  a  narrow  belt  running  along  the  Appalachian 

Mountains  from  Maine  to  North  Carolina,  with  an  isolated 
population  in  New  Brunswick,  Canada  (Fig.  25).   
   Sorex  dispar  (p.  25) 

4a.  Skull  smaller,  CB  length  15.4-16.4  mm.  Distribution,  Gaspe 
Peninsula,  northern  New  Brunswick,  and  Cape  Breton  Is. 
(Fig.  25).   Sorex  gaspensis  (p.  27) 

5.  U3  usually  distinctly  smaller  than  U4  (Figs.  6a;  7a;  12a,  b; 
14a,  b),  sometimes  subequal      6 

5a.  U3  usually  larger  than  U4,  sometimes  subequal  (Figs.  15a, 
16a,  17a,  18,  19).  Sorex  fumeus  and  cinereus  groups    14 

6.  Skull  large,  CB  length  usually  more  than  19.0  mm.       7 

6a.  Skull  medium  to  small,  CB  length  usually  less  than  19.0 
mm.          _      9 

7.  Largest  North  American  Sorex,  CB  length  20.8-23.8  mm; 
skull  and  teeth  robust;  rostrum  relatively  long,  broad,  dis- 

tinctly downcurved  (Fig.  6a);  medial  tine  may  be  large, 
placed  high  on  face  of  II,  pigmented;  pigmented  area  of 
incisor  may  curve  up  to  meet  that  of  tine.  Distribution, 
northwest  Pacific  coast  (Fig.  24)     Sorex  bendirii  (p.  28) 
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Fie.  4. — Sorex  hoyi;  a)  lateral  (buccal)  view  of  unicuspid  toothrow,  b) 
ventral  view,  showing  Ul,  U2,  U4,  and  tiny  U3  and  U5,  and  c)  frontal  view 
of  first  incisor. 

7a.  Medial  tine  absent  or,  if  present,  small  and  placed  low  on 
medial  face  of  II  (Fig.  7b);  somewhat  smaller,  CB  length 
19.0-22.8  mm;  skull  and  teeth  not  so  robust,  rostrum  not 
downcurved  (Fig.  7a)           8 

8.  Small  medial  tines  present  on  II  (Fig.  7b);  unicuspids 
longer  than  wide  in  ventral  view  (Fig.  8a).    Distribution, 

boreo-montane  (Fig.  26).          ... 
..  Sorex  palustris  (incl.  alaskanus)  (p.  28) 

8a.  No  medial  tines  present  on  II  (as  in  Fig.  21b);  unicuspids 
wider  than  long  to  approximately  quadrate  in  ventral  view 
(Fig.  81)).  Distribution,  Pacific  coast  from  San  Francisco  Bay 
north  to  central  Oregon  (Fig.  27).  Sorex  pacificus  (p.  28) 



LONG-TAILED  SHREWS  (GENUS  SOREX) 11 

Fig.  5. — Sorex  dispar;  a)  lateral  view  of  skull,  b)  ventral  view  of  skull,  and 
c)  ventral  view  showing  occlusal  surface  of  upper  unicuspids. 

9.     Medial  tine  begins  above  main  pigmented  area  of  first  in- 
cisor (Figs.  9a,  b).  _                10 

9a.  Medial  tine  contained  entirely  within  pigmented  area  of 
first  incisor  (Fig.  9c).       11 
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Fig.  6. — Sorex  bcndirii;  a)   lateral  view  of  skull,  and  b)   frontal  view  of 
first  incisor. 

Fie.  7. — Sorex  palustris;  a)   lateral  view  of  skull,  and  b)   frontal  view  of 
first  incisor. 
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Fig.  8. — Ventral  view  of  upper  unicuspids  of  a)   Sorex  palustris,  and  b) 
Sorex  pacificus. 

10.  Skull  larger,  CB  length  15.5-17.5  mm.  Usually  distinct 
unpigmented  gap  between  upper  pigmented  area  of  first 

incisor  and  pigmented  medial  tine  ( Fig.  9a ) .  Rostrum  rela- 
tively long  and  narrow,  cranium  relatively  inflated.  Unicus- 

pids quadrate  or  longer  than  wide;  Ul  and  U2  more  robust, 

bulbous;  U3  definitely  smaller  than  U4.  Distribution,  west- 
ern North  America  (Fig.  28).    Sorex  vagrans  (p.  31) 
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Fig.  9. — Frontal  view  of  first  incisors  of  a)  Sorex  vagrans,  b)  Sorex  longi- 
rostris,  and  c)  Sorex  monticolus. 

10a.  Skull  smaller,  CB  length  13.8-15.6  mm  (except  S.  I.  fisheri, 
15.4-16.4  mm).  Usually  no  definite  gap  between  pigmented 
areas  of  incisor  and  medial  tine  (Fig.  9b).  Rostrum  rela- 

tively short  and  broad,  cranium  relatively  flat  (Fig.  10). 
Unicuspids  wider  than  long;  Ul  and  U2  less  robust,  not 
bulbous;   U3  and  U4  sometimes   subequal.    Distribution, 
southeastern  North  America  (Fig.  28).    
   Sorex  longirostris  (p.  33) 

11.  CB  length  15.4  mm  or  more;  in  ventral  view,  U3  usually 
distinctly  smaller  than  U4  (Figs.  12,  13a).    12 

11a.  CB  length  15.3  mm  or  less;  U3  and  U4  may  sometimes 
appear  subequal  in  ventral  view  (Fig.  13b).     13 

12.  CB  length  16.1-19.2  mm;  cranium  relatively  inflated  (Fig. 
11a).  Unicuspids  become  appressed  posteriorly,  U5  against 
P4,  with  no  noticeable  gap  between  U5  and  P4  along 

medial  edge  (Fig.  12a).  Distribution,  northwestern  mon- 
tane and  boreal  North  America  (mostly  north  and  east  of 

S.  ornatus)  (Fig.  27).  _...    Sorex  monticolus  (p.  33) 

Fig.  10. — Lateral  view  of  skull  of  Sorex  longirostris. 
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12a.  CB  length  15.4-17.0  mm;  cranium  relatively  flat  (Fig.  lib). 
Unicuspid  toothrow  less  appressed  posteriorly,  so  that  there 
is  a  distinct  triangular  gap  between  U5  and  P4  along  the 
medial  edge  (Figs.  12b,  13a).  Distribution,  California, 
south  from  the  San  Francisco  Bay  area,  west  of  the  crest  of 

the  Sierra  Nevada,  Santa  Catalina  Island,  and  Baja  Califor- 
nia (mostly  south  and  west  of  S.  monticolus)  (Fig.  24).   

Sorex  ornatus  (inch  S.  siniiosus,  S.  toilleti,  S.  juncensis)  (p.  34) 

13.  CB  length  13.8-14.8  mm;  cranium  extremely  flat  (Fig.  14a). 
Distribution,  discontinuous,  mostly  montane,  in  Rocky 
Mountains,  Colorado  Plateau,  and  western  Great  Plains 
(Fig.  25).   Sorex  nanus  (p.  35) 

13a.  CB  length  14.5-15.3  mm;  cranium  less  flat  (Fig.  14b).  Dis- 
tribution, southern  Great  Basin  (Fig.  25).    
  Sorex  tenellus  (p.  35) 

Fig.   11. — Lateral  view  of  skulls  of  a)   Sorex  monticolus,  and  b)    Sorex 
ornatus. 
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Fig.   12. — Ventral  view  of  skulls   of  a)    Sorex  monticolus,  and  b)   Sorex 
ornatus. 

14.  Skull  large,  CB  length  17.8-19.0  mm;  palate  broad;  maxil- 
lary breadth  greater  than  4.6  mm;  cranium  usually  flattened 

to  some  degree,  sometimes  extremely  so  (Fig.  15a).  Uni- 
cuspids  wider  than  long;  ridge  on  lingual  face  of  unicuspid 

often  lacking  pigment  (Fig.  15b).  Small  post-mandibular 
foramen  sometimes  present,  at  least  on  one  mandible.  Dis- 

tribution, northeastern  United  States  and  southeastern 
Canada  (  Fig.  31).    Sorex  fumeus  (p.  35) 

14a.  Skull  small  to  moderate,  CB  length  13.8-17.0  mm,  the  larger 
species  with  inflated  braincase  (Fig.  16a).  Maxillary 
breadth  less  than  4.6  mm;  unicuspids  relatively  narrow, 
quadrate  to  longer  than  wide  (Fig.  16b).  Sorex  cinereus 
group      .....  15 
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Fig.  13. — Ventral  view  of  upper  unicuspids  of  a)   Sorex  ornatus,  and  b) 
Sorex  nanus. 

Fig.  14. — Lateral  view  of  skulls  of  a)  Sorex  nanus,  and  b)  Sorex  tenellus. 



18  OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

Fig.  15. — Sorex  fumeus;  a)  lateral  view  of  skull,  and  b)  ventral  view  of 
skull. 

15.  Extremely  small,  CB  length  13.8-14.6  mm,  skull  relatively 
flat.  Unicuspid  teeth  closely  appressed,  rostrum  relatively 
short  (Fig.  17a,  b).  When  sympatric  with  S.  cinereus  and 

S.  haycleni  (see  below),  this  is  the  smaller  shrew.  Distri- 
bution, Columbia  Plateau  to  western  Great  Plains  (Fig.  29). 
     Sorex  preblei  (p.  35) 

15a.  Usually  larger,  CB  length  usually  14.6-17.0  mm  (but  to 
14.1  mm  in  some  populations,  see  below);  unicuspids  well- 
spaced;  rostrum  relatively  more  elongate  (Figs.  16,  18).    ..  16 

16.  Found  only  on  islands  in  Bering  Strait  or  Sea.   -    17 

16a.  Not  as  above.   —  18 

17.     Known   only   from    St.    Paul,   Pribilof   Islands    (Fig.    30). 
(Report  from  Unalaska  probably  in  error.) 

Sorex  hydrodromus  (incl.  S.  pribilof ensia)  (p.  36) 

17a.  Known  only  from  St.  Lawrence  Island  (Fig.  30).    
   Sorex  jacksoni  (p.  36) 
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Fig.  16. — Sorex  cinereus;  a)  lateral  view  of  skull,  and  b)  ventral  view  of 
skull. 

18.  Usually  smaller,  CB  length  14.1-15.6  mm;  unicuspid  tooth- 
row  relatively  shorter,  M2-M2  width  relatively  larger;  ratio 
of  length  of  unicuspid  toothrow  to  M2-M2  width  usually 
less  than  0.6  (Fig.  18b).    :    19 

18a.  Usually  larger,  CB  length  14.6-17.0  mm;  unicuspid  tooth- 
row  relatively  longer,  width  of  M2-M2  relatively  smaller; 
ratio  of  unicuspid  toothrow  length  to  M2-M2  width  usually 
greater  than  0.6  (Fig.  16b).      _..   -  20 

19.  Restricted  to  northern  Great  Plains  area,  south  of  55  de- 
grees N  Latitude  (Fig.  30).       Sorex  haydeni  (p.  36) 

19a.  Restricted  to  tundra  of  extreme  northwestern  North  Amer- 
ica, north  of  58  degrees  N  Latitude  (Fig.  30)     
   Sorex  cinereus  (in  part)  (p.  39) 

20.  CB  length  14.6-15.2  mm;  cranium  relatively  flat;  rostrum 
broad,  and  unicuspid  toothrow  slightly  shorter  (Fig.  19). 
Distribution,  southern  Pennsylvania,  Delaware,  Maryland, 
northeastern  Virginia  (Fig.  30).     Sorex  fontinalis  (p.  38) 
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Fig.   17. — Sorex  preblei;  a)  lateral  view  of  skull,  and  b)  ventral  view  of 
skull. 

20a.  CB  length  15.0-17.0  mm;  cranium  inflated;  rostrum  narrow, 
and  unicuspid  toothrow  slightly  longer  (Fig.  16a,  b).    21 

21.  Found  only  in  central  Sierra  Nevada  (Fig.  30).    
  ..       -  Sorex  lyelli  (p.  39) 

21a.  Found  throughout  much  of  northern  and  middle  latitudes 
of  North  America  (Fig.  30).  ..    Sorex  cinereus  (in  part)  (p.  39) 

22.  U3  usually  smaller  than  U4  (Fig.  20a).  Small  medial  tine 
high  on  anterior  face  of  II  (Fig.  20b).  Distribution,  Pacific 
Coast  (Fig.  31)      Sorex  trowbridgii  (p.  40) 

22a.  U3  usually  larger  than  U4  (Figs.  21a,  22,  23)    23 

23.  No  medial  tine  on  anterior  face  of  II  (Fig.  21b).  Palate 

unusually  broad  (Fig.  22a);  CB  length  15.0-16.6  mm.  Dis- 
tribution, Columbia  Plateau  and  Great  Basin  to  western 

Great  Plains  (Fig.  31).     Sorex  merriami  (p.  40) 

23a.  Medial  tine  on  anterior  face  of  II  (as  in  Fig.  20);  palate 
not  unusually  broad  (Fig.  22b)    24 
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Fig.  18. — Sorex  haydeni;  a)  lateral  view  of  skull,  and  b)  ventral  view  of 
skull. 

Fig.  19. — Lateral  view  of  skull  of  Sorex  fontinalis. 

24.  CB  length  16.5  mm  or  less,  maxillary  toothrow  6.0-6.4  mm 
(Fig.  22b).    Described  only  from  mountains  of  Arizona, 
New  Mexico,  and  adjacent  Mexico  (Fig.  31).    
   Sorex  arizonae  (p.  42) 

24a.  Skull  length  17.0  mm  or  more;  maxillary  toothrow  6.0-7.8 
mm.  Found  in  upper  Great  Lakes,  northeastern  Great 
Plains,  Canada,  and  Alaska  ( Fig.  29 ) .  Sorex  arcticus  group 
   25 
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Fig.  20. — Sorex  trowbridgii;  a)  lateral  view  of  rostrum  and  unicuspids,  and 
b)  frontal  view  of  first  incisor. 

I  i<:.    21. — Sorex   merriavii;    a)    lateral   view   of  upper   unicuspids   and  b) 
frontal  view  of  first  incisor. 
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25.  CB  length  18.3-20.3  mm;  maxillary  toothrow  6.8-7.8  mm. 
Unicuspid  row  appears  uncrowded;  unicuspids  robust  and 
appear  bulbous  in  ventral  view  (Fig.  23a).  Distribution, 
upper  Great  Lakes,  northeastern  Great  Plains,  and  Canada, 
except  NW  Yukon  and  extreme  NW  British  Columbia 
(Fig.  29).     Sorex  arcticus  (p.  42) 

25a.  CB  length  17.0-18.5  mm;  maxillary  toothrow  6.0-6.9  mm. 
Unicuspids  appear  crowded,  less  robust,  not  bulbous  (Fig. 

23b).  Distribution,  Alaska,  Yukon,  and  extreme  NW  Brit- 
ish Columbia  (Fig.  29).   Sorex  tundrensis  (p.  42) 

DISCUSSION 

With  very  few  exceptions  (e.g.,  S.  fontinalis,  S.  lyelli,  S.  ari- 
zonae,  and  the  insular  species,  S.  hydrodromus  and  S.  jacksoni), 
shrews  occupy  broad  geographic  areas.  Certain  regions,  especially 

the  Pacific  Coast,  may  support  a  bewildering  assortment  of  sym- 

Fig.   22. — Ventral   view   of  skulls   of   a)    Sorex  merriami,   and   b)    Sorex 
arizonae. 
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patric  or  parapatric  shrews.  Although  most  species  key  out  entirely 
on  the  basis  of  skull  characters,  occasionally  reference  must  be 
made  to  the  distribution  of  a  species.  Distribution  maps  have  been 
provided  for  each  of  the  species  in  the  key  as  well  as  for  the  Middle 
American  species  discussed  below.  As  far  as  possible,  maps  have 
been  drawn  from  current  sources;  all  are  to  the  same  scale  and  are 

bipolar  oblique  conic  conform al  projections. 
Three  groups,  S.  hoyi,  S.  palustris,  and  the  S.  cinereus  complex 

(cinereus,  Jiaydeni,  preblei,  fontinalis)  are  extremely  wide-ranging, 
coming  in  contact  in  one  part  or  other  of  their  ranges  with  many 

other  species  of  Sorex.  The  very  small  S.  hoyi,  with  its  unique  disc- 
shaped U3,  and  the  large  S.  palustris,  with  its  fringed  hind  feet  and 

distinctive  pelage  color,  are  readily  distinguished  from  other  Sorex 

Fie.   23. — Ventral    view   of   palates   of   a)    Sorex  arclicus,   and   b)    Sorex 
tundrensis. 
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inhabiting  the  same  range.  Notes  on  how  to  distinguish  members 
of  the  more  generalized  S.  cinereus  complex  from  other  sympatric 

Sorex,  as  well  as  from  each  other,  are  given  in  the  detailed  com- 
ments on  each  species  below.  Generally,  however,  shrews  which 

live  in  the  same  geographic  area  are  quite  different  in  cranial 
characteristics,  while  those  of  similar  morphology  occupy  different 
ranges. 

Systematic  questions  involving  "salt-marsh  melanism"  in  S. 
vagrans  and  S.  ornatus  in  the  San  Francisco  Bay  area  are  discussed 
under  S.  ornatus.  Relationships  of  the  Mexican  and  Guatemalan 

Sorex  are  unclear,  while  those  of  S.  tundrensis  and  the  Palearctic  "S. 
arcticus"  are  being  examined  by  the  authors  and  others.  The  sys- 

tematic and  nomenclatural  problems  associated  with  Sorex  pribi- 
lofensis  are  discussed  under  S.  hydrodromus. 

Comments  on  the  Species  of  North  and  Middle  American  Sorex 

Species  are  listed  in  the  following  section  in  the  same  order  as 
they  appear  in  the  key,  followed  by  the  Middle  American  species 
that  are  not  included  in  the  key.  Annotation  consists  of  brief  notes 
on  habitat,  means  by  which  species  can  be  distinguished  from  one 
another  in  areas  of  sympatry,  and  comments  on  systematic  status. 
Once  a  specimen  is  keyed  out,  its  identity  can  be  checked  by 
reference  to  these  notes. 

Subgenus  Microsorex 

Pygmy  Shrew  (Sorex  hoyi).  The  pygmy  shrew  is  a  widespread 
inhabitant  of  the  northern  coniferous  forest  or  taiga,  with  southern 
outliers  in  the  montane  forests  of  the  Appalachian  and  Rocky 

mountains.  It  seems  to  be  the  smallest  long-tailed  shrew  in  any  one 
locality,  although  S.  nanus  may  be  nearly  as  small  where  both  occur 
in  the  Rocky  Mountains  of  Wyoming  and  Colorado  (Figs.  24,  25). 

The  pygmy  shrew  can  be  distinguished  from  all  other  North  Amer- 
ican Sorex  by  its  small  disc-like  U3  and  the  long  medial  tine  on  II. 

Formerly  considered  a  monotypic  genus,  Microsorex  was  reduced 
to  subgeneric  status  by  Diersing  (1980)  (see  above,  pg.  3). 

Subgenus  Otisorex 

Rock  Shrew  (Sorex  dispar).  This  and  the  related  Gaspe  shrew 

(see  below)  have  distinctive  long  unicolored  tails  (80-90%  of  head/ 
body  length;  Kirkland,  1981)  and  long  narrow  rostra.  S.  dispar 
shares  the  southern  part  of  its  range  (Fig.  25)  with  the  smaller  S. 
hoyi,  S.  longirostris,  S.  fontinalis,  and  S.  cinereus,  as  well  as  the 
larger  S.  palustris.  The  only  species  it  is  likely  to  be  confused  with 
is  S.  fumeus  which  is  similar  in  size  to  dispar,  though  slightly  larger 
than  gaspensis,  and  similar  to  both  in  color,  especially  in  winter 
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pelage.  S.  fumcus  has  a  shorter,  bicolored  tail  and  a  broad  rostrum 
and  palate,  distinctly  different  from  the  long  narrow  rostra  and 
palates  of  S.  dispar  and  S.  gaspensis.  While  the  unicuspids  of  clispar 
and  gaspemis  have  the  characteristic  Otisorex  ridge  from  apex  to 
cingulum,  in  some  specimens  it  is  only  lightly  pigmented  or  not  at 
all,  and  may  superficially  resemble  the  condition  of  subgenus  Sorex. 

81  80 

Fig.  24. — Distribution  of  Sorex  hoyi,  Sorex  bendirii,  Sorex  ornatus,  Sorex 
veraepacis,  and  Sorex  macrodon. 
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These  shrews  are,  as  their  name  implies,  most  commonly  found  in 
rocky  areas  such  as  talus  slopes  and  along  streams  (Kirkland,  1981). 

Gaspe  Shrew  (Sorex  gaspensis).  Although  very  similar  to  S.  dis- 
par in  characters  and  habitat,  this  species  is  smaller,  and  the  ranges 

of  the  two  forms  are  not  known  to  meet  (Fig.  25).  For  comparisons 
with  other  species,  see  S.  dispar. 
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Fig.  25. — Distribution  of  Sorex  dispar,  Sorex  gaspensis,  Sorex  nanus,  and 
Sorex  tenellus. 
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Marsh  Shrew  (Sorex  bendirii.)  This  is  the  largest  species  of 
Sorex  in  North  America.  It  is  restricted  to  the  northwestern  Pacific 

coastal  region  (Fig.  24)  where  it  inhabits  the  forest  floor  in  damp 
to  wet  forests,  often  along  the  banks  of  streams  and  ponds.  It  enters 
the  water  freely,  but  does  not  possess  the  dense  fringe  of  hairs  on 
the  margins  of  the  hind  feet  that  adapt  the  water  shrew  (S.  palustris) 
to  swimming  and  diving.  Both  species  occur  in  the  Olympic  Moun- 

tains of  northwestern  Washington  and  the  Cascades  of  southwestern 
British  Columbia,  Washington,  and  Oregon,  but  only  S.  bendirii 
is  known  from  the  Coast  Ranges,  south  to  extreme  northern  Cali- 

fornia. The  marsh  shrew  may  be  distinguished  from  the  water 
shrew  by  its  generally  larger  size  (there  is  some  overlap),  relatively 
longer,  more  robust  downcurved  rostrum,  and  large  medial  tine  on 
II  (Fig.  6).  The  dorsal  color  of  S.  bendirii  is  blackish,  and  the 
belly  is  black  to  brownish  gray,  unlike  most  S.  palustris.  S.  pacificus 
(see  below),  which  also  occurs  from  central  Oregon  southward, 

differs  in  possessing  no  medial  incisor  tines,  and  is  cinnamon-brown 
in  color.  S.  bendirii  also  occurs  with  S.  trowbridgii,  a  subgenus 

Sorex  shrew  with  large  post-mandibular  foramina;  and  S.  vagrans, 
from  which  it  may  be  distinguished  by  size  and  incisor  tine  pattern. 
In  the  northern  parts  of  its  range  S.  bendirii  occurs  with  the  smaller 
S.  monticolus  and  S.  cinereus. 

Water  Shrew  (Sorex  palustris).  Second  only  to  the  marsh  shrew 
in  size,  this  species  is  the  largest  Sorex  throughout  much  of  its 
range.  It  is  boreomontane  in  distribution,  occurring  throughout 
most  of  the  boreal  taiga  and  southward  into  the  Sierra  Nevada, 
Rocky,  and  Appalachian  mountains  (Fig.  26).  It  is  usually  closely 
restricted  to  the  vicinity  of  streams  and  ponds,  and  is  the  most 
aquatic  member  of  the  genus.  It  occurs  with  three  subgenus  Sorex 
shrews;  the  usually  tricolored  S.  arcticus  and  S.  tundrensis  in  the 

northern  parts  of  its  range,  as  well  as  with  the  concolor  S.  trow- 
bridgii on  the  Pacific  Coast.  Its  large  size,  fringed  hind  feet,  and 

distinctive  color  (black  dorsally,  with  a  "frosting"  of  light  hairs; 
silvery-white  to  grayish  below,  except  in  the  northeastern  U.S.  and 
on  Vancouver  Island,  where  populations  with  dark  brownish  ven- 

ters occur)  distinguish  it  from  all  other  Otisorex  shrews  that  may 
occur  with  it.  These  include  S.  cinereus,  S.  hoyi,  and  S.  monticolus 
in  the  northern  part  of  the  range;  S.  fumeus,  S.  dispar,  S.  gaspensis, 
S.  fontinalis,  and  S.  longirostris  in  the  Appalachians;  and  S.  nanus, 
S.  vagrans,  S.  lyelli,  S.  preblei,  and  S.  hai/deni  in  the  Sierra  and 
Rockies.  Provisionally  included  here  is  the  Clacicr  Bay  water  shrew 
(S.  alaskanus)  (I fall,  1981),  known  only  from  two  specimens  taken 
at  Point  GusfelVUS,  Glacier  Bay,  Alaska  (Jackson,  1928). 

Pacific  Sinew  (Sorex  pacijicus).  This  large,  light  brown  shrew  is 
restricted  to  die  Pacific  Coast  coniferous  forests  from  the  central 
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Oregon  coast  (Siletz  River)  and  Cascades  (Crescent  Lake)  south 
to  the  Siskiyou  Mountains  of  northern  California  in  the  interior,  and 

along  the  Coast  ranges  to  San  Francisco  Bay  (Fig.  27).  Through- 
out this  range  it  exists  with  the  much  smaller  S.  vagrans,  but  unlike 

vagrans,  pacificus  lacks  a  medial  tine  on  II.  It  may  be  separated 
from  S.  trowbridgii  on  the  basis  of  color  and  the  absence  of  the 

post-mandibular  canal  in  pacificus;  from  S.  bendirii  and  S.  palustris 

Fig.    26. — Distribution    of   Sorex   palustris    (incl.    S.    p.    alaskanus),   Sorex 
sclateri,  and  Sorex  saussurei. 



30 OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

by  color  and  absence  of  medial  tines  on  II  in  pacificus  (see  above). 

In  the  zone  of  potential  contact  between  S.  pacificus  and  S.  monti- 
colus  (see  below)  in  west-central  Oregon,  the  situation  is  confusing. 
This  zone  runs  from  Lincoln  and  Taft,  Lincoln  Co.,  through  Cor- 
vallis  and  Philomath,  Linn  Co.,  and  Vida,  Lane  Co.,  to  the  crest  of 

the  Cascades.  S.  monticolus  bairdii,  smaller,  darker,  and  with  well- 
developed  medial  tines  on  II,  occurs  north  of  this  zone;  to  the  south 

FlC.  27. — Distribution  of  Sorex  monticolus  and  Sorcx  pacificus. 
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is  S.  pacificus,  larger,  lighter,  with  no  medial  tines.  However,  some 
individuals  in  the  zone  of  contact  are  large  and  light  brown,  but 
have  distinct  medial  tines,  suggesting  some  hybridization  may  be 
occurring  (Hennings  and  Hoffmann,  1977).  Further  study  of  this 
situation  is  warranted. 

Vagrant  Shrew  (Sorex  vagrans).  This  shrew  has  a  distribution 
centering  on  the  Columbia  Plateau,  Snake  River  Plains,  and  north- 

ern Great  Basin,  but  extending  westward  to  the  Pacific  Coast,  and 
eastward  to  the  Continental  Divide  (Fig.  28).  It  is  a  small  to 

medium-sized  shrew  whose  most  trenchant  character  is  the  unique 
pattern  of  the  medial  tine  on  the  first  incisor — pigmented,  but  high 
on  the  incisor  and  separated  by  an  unpigmented  area  (Fig.  9a). 
Wherever  it  occurs  with  the  slightly  larger  S.  monticolus  it  is  sepa- 

rable by  this  character,  along  with  the  greater  interorbital  breadth 
and  longer  palate  of  S.  monticolus  (Hennings  and  Hoffmann,  1977). 

The  vagrant  shrew  lives  in  a  variety  of  habitats — forest,  meadow, 
and  riparian — but  they  are  ordinarily  mesic.  Another  small  Otisorex 
shrew,  S.  preblei,  also  occurs  in  much  of  the  range  of  S.  vagrans, 
but  is  adapted  to  more  xeric  conditions;  S.  preblei  is  smaller,  and 
like  its  larger  relative,  S.  cinereus,  can  be  distinguished  from  vagrans 
and  monticolus  (in  which  U3  is  smaller  than  U4),  by  the  third 

unicuspid  being  larger  than  the  fourth  (rarely  subequal).  This  pat- 
tern also  distinguishes  the  smaller  S.  lyelli  in  the  central  Sierra 

Nevada.  S.  palustris,  S.  bendirii,  and  S.  pacificus  are  all  larger  than 
vagrans;  S.  merriami  is  slightly  smaller  and,  like  S.  trowbridgii  on 
the  Pacific  Coast,  in  the  subgenus  Sorex.  Along  the  east  slope  of  the 
Sierra  Nevada,  and  possibly  in  some  of  the  Great  Basin  ranges 
occupied  by  vagrans,  S.  tenellus  may  occur;  it  is  smaller  and  with  a 
different  medial  tine  pattern  ( see  below ) . 

Sorex  vagrans  also  occurs  in  areas  inhabited  by  members  of  the 
S.  ornatus  group,  which  have  a  small  incisor  tine  pigmented  like 
that  of  monticolus  (Fig.  9c).  Around  San  Francisco  Bay,  a  complex 

and  poorly  understood  situation  exists.  S.  ornatus  californicus  oc- 
curs in  the  uplands  surrounding  the  bay.  The  salt  marsh  habitat 

fringing  the  bay  is  occupied  by  darker  individuals  of  two  species; 

the  "South  Bay"  (San  Francisco  Bay  proper)  from  the  Golden  Gate 
around  to  San  Pablo,  supports  S.  vagrans  lialicoetes,  while  the  salt 

marshes  of  the  "North  Bay"  (San  Pablo,  Suisun  bays)  from  Martinez 
to  Tolay  Creek  are  occupied  by  S.  ornatus  sinuosus.  Populations  of 
S.  o.  sinuosus  in  the  Sacramento/  San  Joaquin  river  delta  are  nearly 
black,  which  originally  led  to  their  naming  as  a  distinct  species. 
However,  populations  of  S.  v.  halicoctes  from  north  of  San  Jose  are 
equally  dark.  Jackson  (1928)  reported  a  very  dark  specimen  of 
S.  v.  vagrans  from  salt  marsh  habitat  on  Lopez  Island,  San  Juan 

Co.,  Washington,  and  S.  cinereus  nigriculus  is  a  melanistic  popula- 
tion known  only  from  a  salt  marsh  at  Cape  May,  New  Jersey  (Green, 
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1932);  salt  marsh  melanism  in  shrews  deserves  further  investigation. 
Rudd  (1955)  described  some  salt  marsh  shrews  from  the  north 

shore  of  San  Pablo  Bay  (Tolay  Creek)  as  hybrids  between  S.  (o.) 
sinuosus  and  S.  v.  vagrans  on  the  basis  of  intergradation  in  color 
and  external  measurements;  however,  skulls  of  these  shrews  are  for 
the  most  part  typical  of  ornatus  in  medial  tine  pattern  of  the  first 

incisor.    Subsequently,  Brown  (1970)   showed  that  all  of  the  sup- 

Fig.  28. — Distribution  of  Sorex  vagrans,  Sorex  longirostris  (incl.  S.  /.  fish- 
eri),  and  Sorex  oreopolus. 
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posed  hybrid  populations  exhibited  karyotypes  typical  of  S.  ornatus. 
Both  vagrans  and  ornatus  occur  in  the  vicinity  of  Petaluma  and 
north  of  San  Rafael  without  evidence  of  interbreeding.  Salt  marsh 

populations  of  both  species  (S.  ornatus  salarius,  S.  vagrans  paludi- 
vagus),  seem  to  occur  on  the  peninsula  south  of  San  Francisco  and 
south  to  Monterey  Bay,  but  the  taxonomy  of  the  shrews  in  this  area 
is  unclear.  At  present,  the  best  character  for  separating  the  two 
species  is  the  nature  of  the  medial  tine  on  II.  The  position  of  the 

foramen  magnum  and  degree  of  flattening  of  the  braincase,  advo- 
cated by  Jackson  (1928),  are  too  variable  within  either  species  to 

be  of  use. 

Southeastern  Shrew  (Sorex  longirostris).  This  small  shrew  is  in- 
appropriately named;  it  has  one  of  the  shortest  rostra  of  North 

American  Sorex  (Fig.  10).  The  short,  relatively  broad  rostrum,  flat- 
tened braincase,  distinctive  medial  tine  on  II,  and  short  tail  (less 

than  31  mm )  distinguish  it  from  other  Otisorex  shrews  in  the  south- 
eastern United  States.  S.  dispar  and  S.  fumeus  are  much  larger  in 

cranial  and  external  dimensions.  Sorex  cinereus  is  somewhat  larger, 
has  a  relatively  long,  slender  rostrum,  higher  braincase,  and  longer 
tail  (more  than  31  mm),  and  usually  has  U3  larger  than  U4.  In 
S.  longirostris,  U3  is  usually  smaller  than  U4,  or  at  least  subequal, 
but  individual  exceptions  occur  in  both  species.  At  the  northern 

edge  of  its  range,  S.  longirostris  may  meet  or  overlap  with  S.  fonti- 
nalis,  a  small  member  of  the  cinereus  group  with  a  relatively  short 
rostrum  and  flattened  skull  (see  below).  However,  the  characters 

which  separate  cinereus  from  longirostris,  though  reduced  in  mag- 
nitude, still  hold.  Its  geographic  range  is  also  shared  by  the  much 

larger  S.  palusiris  and  the  much  smaller  S.  hoyi.  A  population  of 

shrews  from  the  Great  Dismal  Swamp  on  the  Virginia-North  Caro- 
lina border,  named  S.  fisheri  by  Merriam  (1895),  has  long  been 

regarded  as  a  subspecies  of  S.  longirostris.  These  shrews  are  much 

larger,  with  longer,  relatively  narrow  rostra,  and  intergradation  be- 
tween fisheri  and  typical  longirostris  is  not  evident.  The  status  of 

this  population  should  be  investigated. 

Montane  Shrew  (Sorex  monticolus).  This  is  a  medium-sized 
shrew,  like  S.  vagrans  rather  variable  geographically,  but  consist- 

ently larger  where  the  two  are  sympatric.  The  montane  shrew  is 
well  named  in  that  it  occurs  mostly  in  the  mountains  of  western 
North  America,  from  northern  Alaska  to  northern  Mexico,  although 
its  range  also  extends  eastward  in  the  boreal  taiga  and  northern 
Great  Plains  to  at  least  north-central  Manitoba  (Wrigley,  ct  al, 
1979)  (Fig.  27).  It  shares  most  of  its  northern  range  with  the  small 
S.  hoyi  and  the  two  usually  tricolored  subgenus  Sorex  shrews,  S. 
arcticus  and  S.  tundrensis,  whose  sizes  overlap  that  of  monticolus, 
but  in  which  U3  is  larger  than  U4.   S.  trowbridgii  is  about  the  same 
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size  as  monticolus  where  the  two  co-occur  on  the  Pacific  Coast,  and 
both  have  U3  smaller  than  U4,  but  the  concolored  trowbridgii  is 

also  a  subgenus  Sorex  shrew  with  well-developed  post-mandibular 
canals,  which  monticolus  lacks.  The  montane  shrew  is  sympatric 
with  a  fourth  subgenus  Sorex  shrew  of  similar  size  in  the  southern 
Rockies,  S.  arizonae,  which,  however,  has  U3  larger  than  U4. 

As  indicated  above,  S.  monticolus  is  best  separated  from  S. 
vagrans  by  the  medial  II  tine  pattern  (Fig.  9),  greater  interorbital 
breadth  and  palatal  length,  as  well  as  slightly  larger  size  ( skull  and 
toothrow  length).  S.  cinereus  and  S.  preblei  are  both  smaller,  and 
U3  is  larger  than  U4.  S.  bendirii  is  much  larger,  as  is  S.  palustris, 
and  both  have  distinctive  color  patterns  (see  above).  Shrews  of  the 

S.  ornatus  group  share  with  S.  monticolus  the  same  medial  tine  pat- 
tern on  II,  U3  usually  smaller  than  U4,  and  the  lack  of  post- 

mandibular  canals.  Of  this  group,  S.  nanus  and  S.  tenellus  are 
markedly  smaller  than  monticolus;  S.  ornatus,  however,  overlaps 
monticolus  in  size.  Fortunately,  the  ranges  of  the  two  species  are 
mostly  separate.  The  zone  of  potential  contact  or  overlap  exists 
along  the  west  slope  of  the  Sierra  Nevada,  from  Yosemite  south  to 
the  San  Bernardino  Mountains.  In  this  region,  S.  monticolus  is 

slightly  larger  than  S.  ornatus  in  any  one  locality,  with  a  more  in- 
flated braincase  and  more  crowded  toothrow  (Figs.  11,  12).  Sorex 

durangae,  described  from  El  Salto,  Durango,  Mexico,  is  a  synonym 
of  S.  monticolus  (Hennings  and  Hoffmann,  1977). 

Ornate  Shrew  (Sorex  ornatus).  Means  by  which  this  species  can 
be  separated  from  the  Otisorex  shrews  that  most  closely  resemble 
it,  S.  vagrans  and  S.  monticolus,  have  been  discussed  above.  It  may 
be  distinguished  from  S.  trowbridgii  by  its  smaller  size  and  lack  of 

post-mandibular  foramina,  as  well  as  by  the  Trowbridge  shrew's 
distinctive  color  pattern.  S.  ornatus  is  most  similar  to  S.  tenellus, 

which  is  slightly  smaller,  and  with  paler  pelage.  The  two  species 
are  thought  to  be  allopatric,  separated  by  the  Owens  Valley,  but 

the  relationships  between  the  two  are  unclear.  Provisionally  in- 
cluded here  with  S.  ornatus  are  several  populations  that  have  in  the 

past  been  given  specific  status.  Sorex  o.  sinuosus  is  a  melanistic 

population  in  the  delta  of  the  Sacramento/ San  Joaquin  River,  and 

along  the  north  shore  of  San  Pablo  Bay  (see  S.  vagrans);  S.  o.  willeti 
is  known  from  the  holotype  only,  taken  from  Santa  Catalina  Island 

(Von  Blocker,  1967);  S.  o.  juncensis  is  known  from  only  two  speci- 
mens, geographically  adjacent,  that  in  color  and  cranial  morphology 

resemble  S.  ornatus  (Hall,  1981).  Sorex  trigonirostris,  from  Ashland, 
Jackson  Co.,  Oregon,  was  described  as  a  species  in  the  S.  ornatus 

group,  bill  is  a  synonym  of  S.  vagrans  (Hennings  and  Hoffmann, 
1977). 
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Dwarf  Shrew  (Sorex  nanus).  This  small  species  shares  the  me- 
dial tine  pattern  on  II  with  S.  monticolus  and  S.  tenellus;  U3  is 

also  smaller  than  U4,  but  nanus  is  smaller  in  size  than  either  species. 
There  are  no  unequivocal  characters  to  separate  nanus  from  tenel- 

lus, but  they  are  not  presently  known  to  come  in  contact  with  each 
other  (Hoffmann  and  Owen,  1980).  S.  nanus  can  be  distinguished 

from  members  of  the  cinereus  group  (cinereus,  preblei,  and  hay- 
deni)  by  the  relative  sizes  of  the  third  and  fourth  uni cuspids.  Since 
their  geographic  ranges  overlap,  it  may  come  in  contact  with  either 
S.  vagrans,  from  which  it  may  be  distinguished  by  the  II  medial 
tine  pattern,  or  the  more  xerically-adapted  S.  merriami,  a  member 
of  the  subgenus  Sorex,  which  has  no  medial  incisor  tine.  It  may 
also  be  sympatric  with  S.  palustris  and  S.  hoyi. 

Inyo  Shrew  (Sorex  tenellus).  There  are  no  other  species  of  Oti- 
sorex  known  to  occur  within  the  limited  range  of  this  species  (Fig. 
25);  the  only  other  shrew  likely  to  be  encountered  in  its  arid  habitat 
is  S.  merriami,  which  lacks  the  medial  tine  on  II  and  has  U3  larger 
than  U4. 

Smoky  Shrew  (Sorex  fumeus).  The  smoky  shrew  is  restricted  to 
the  northeastern  United  States  and  adjacent  Canada  (Fig.  31), 

where  it  occupies  the  floor  of  mixed  deciduous-coniferous  forest 
and  taiga.  It  shares  this  habitat  with  S.  dispar  and  S.  gaspensis  (see 
above),  as  well  as  with  the  smaller  S.  cinereus,  S.  fontinalis,  and 
S.  hoyi,  and  the  larger  S.  palustris.  It  is  most  likely  to  be  confused 
with  S.  arcticus,  since  both  occur  in  southern  Ontario,  New  Bruns- 

wick, and  Nova  Scotia,  and  overlap  in  size.  The  smoky  shrew  is 
uniform  in  color  on  back,  sides,  and  belly,  whereas  S.  arcticus  is 

usually  "tricolored"  (see  below).  In  the  area  of  sympatry,  S.  fumeus 
is  the  smaller  of  the  pair,  and  its  skull  is  usually  relatively  flat  (Fig. 
15),  while  that  of  arcticus  is  more  inflated,  although  some  overlap 

may  occur.  Moreover,  the  arctic  shrew  is  a  member  of  the  sub- 
genus Sorex  and  thus  possesses  well-developed  post-mandibular 

foramina,  and  lacks  the  pigmented  ridge  on  the  unicuspids.  While 
S.  fumeus  seems  to  be  an  Otisorex  shrew,  individuals  have  a  higher 

frequency  of  post-mandibular  foramina  on  one,  and  sometimes  both 
sides,  than  is  true  of  most  members  of  the  subgenus,  and  the  ridge 
on  the  unicuspids  is  not  as  well  developed  nor  as  heavily  pigmented 
as  typical  Otisorex;  individual  S.  fumeus  may  thus  be  sometimes 
confused  with  subgenus  Sorex  shrews. 

Preble  Shrew  (Sorex  preblei).  This  is  an  extremely  small  shrew, 
approaching  S.  nanus  and  S.  hoyi  in  size.  It  is  found  in  arid  and 
semiarid  habitats  from  the  Columbia  Plateau  to  the  northern  Great 

Plains  (Fig.  29),  but  has  rarely  been  caught,  and  until  recently  was 
thought  to  be  allopatric  in  distribution  relative  to  other  members  of 
the  cinereus  group  (Hoffmann,  et  ah,  1969).  It  can  be  distinguished 



36  OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

from  S.  vagrans  and  S.  nanus  by  having  U3  larger  than  U4;  it  shares 
this  character  with  S.  cinereus  and  S.  haydeni.  S.  preblei  (Fig.  17) 
can  be  distinguished  from  S.  cinereus  by  its  considerably  smaller 
size,  relatively  flatter  skull,  and  broader  rostrum.  It  is  very  difficult 
to  separate  S.  haydeni  from  S.  preblei  except  by  direct  comparison 
of  the  two  species  at  a  single  locality,  where  preblei  appears  to  be 
consistently  slightly  smaller  (Hoffmann,  et  al.,  op.  cit.;  Hoffmann 
and  Fisher,  1978). 

Pribilof  Shrew  (Sorex  hydrodromus).  This  insular  species  is  con- 
fined to  St.  Paul  Island,  of  the  Pribilof  group  in  the  Bering  Sea.  It 

was  once  regarded  as  close  to  the  arcticus  group  (Jackson,  1928; 
Hall,  1959),  but  is  now  thought  to  belong  to  the  cinereus  group 

(Hoffmann  and  Peterson,  1967).  The  name  is  based  on  two  speci- 

mens reported  to  have  come  from  "Unalaska."  This  was  interpreted 
as  referring  to  Unalaska  Island,  but  no  shrews  have  subsequently 

been  found  there.  The  locality  probably  refers  to  the  Unalaska  Dis- 
trict, which  at  the  time  the  shrews  were  collected  included  the 

Pribilof  Islands  (Hoffmann  and  Peterson,  op.  cit.).  Sorex  pribilo- 
fensis,  a  junior  synonym,  was  subsequently  described  from  the 
Pribilof  Islands. 

St.  Lawrence  Shrew  (Sorex  jacksoni).  Like  the  previous  species, 
S.  jacksoni  is  confined  to  an  island  in  the  Bering  Sea,  a  remnant  of 
the  wide  land  connection  that  formerly  existed  between  eastern 
Siberia  and  western  Alaska  during  the  last  glacial  period,  when  sea 
level  was  much  lower.  S.  jacksoni  is  also  a  member  of  the  cinereus 
group  (Hoffmann  and  Peterson,  1967),  although  formerly  regarded 
as  a  member  of  the  arcticus  group  (Hall  and  Gilmore,  1932).  It  is 
the  only  shrew  on  St.  Lawrence  Island. 

Hayden  Shrew  (Sorex  haydeni).  Another  small  shrew  of  the 

cinereus  group,  S.  haydeni  was  until  recently  regarded  as  a  sub- 
species. Van  Zyll  de  Jong  (1980)  presented  evidence,  however,  that 

cinereus  and  haydeni  act  as  distinct  species  in  the  northern  part  of 
the  zone  of  contact.  We  therefore  treat  cinereus  and  haydeni  as 

separate  species.  S.  haydeni  has  a  relatively  shorter  unicuspid  tooth- 
row  and  wider  breadth  between  the  buccal  edges  of  the  second 
molars;  plots  of  this  ratio  are  disjunct  and  have  been  used  in  the 
key.  S.  haydeni  skulls  are  flatter  than  those  of  cinereus,  and  have 
shorter  rostra  (Figs.  16,  18).  Tails  of  haydeni  are  shorter  and  have 
a  lighter  tuft  on  the  end  than  do  those  of  cinereus.  S.  preblei  re- 

sembles both  cinereus  and  haydeni,  but  it  is  always  smaller  than 
either  when  in  synipatry. 

Along  the  northern  edge  of  its  range  (Fig.  30),  S.  haydeni  is 
sympatric  with  S.  cinereus  in  several  places,  but  it  is  usually  found 
in  grassy  habitats,  whereas  S.  cinereus  prefers  forest  and  woodland 
(Van  Zyll  de  Jong,  op.  cit.).    The  western  border  of  its  range  is 
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Fig.  29. — Distribution  of  Sorex  arcticus,  Sorex  tundrensis,  and  Sorex  preblei. 

roughly  concordant  with  the  eastern  outliers  of  the  Rocky  Moun- 
tains, but  the  nature  of  its  contact  and/or  overlap  with  S.  cinereus 

there  has  not  been  studied.  To  the  east,  in  Minnesota  and  perhaps 

Iowa,  S.  haydeni  may  also  be  parapatric  or  sympatric  with  S.  cine- 
reus. Here  the  situation  is  further  complicated  by  the  presence  of 

similar  small  shrews  along  the  southern  edge  of  the  range  of  cine- 
reus, many  of  which  have  traditionally  been  assigned  to  subspecies 
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Fig.  30. — Distribution  of  Sorex  cinereus  (S.  c.  cinereus  ssp.,  S.  c.  ugyundk, 
S.  c.  lesueurii,  S.  c.  omonensis),  Sorcx  fontinalis,  Sorex  haydeni,  Sorex  lyelli, 
Sorex  milled,  Sorex  hydrodromus,  and  Sorex  jacksoni. 

of  S.  cinereus:  S.  c.  lesueurii  and  S.  C.  ohionensis.  The  relationships 
of  these  populations  to  S.  haydeni  and  S.  fontinalis  (see  below),  as 
well  as  to  cinereus  proper  and  longirostris  need  further  study. 

Maryland  Shrew  (Sorex  fontinalis).    This  small  member  of  the 

cinereus  group  has  been  regarded  as  a  subspecies.   However,  Kirk- 
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land  (1977)  has  recently  demonstrated  that  fontinalis  and  cinereus 
overlap  without  intergrading  in  southeastern  Pennsylvania.  Here 
fontinalis  is  smaller,  with  a  relatively  shorter,  broader  rostrum,  and 
shorter  unicuspid  toothrow,  though  not  to  the  extent  seen  in  S. 
haydeni.  Compared  to  cinereus  the  skull  of  fontinalis  is  relatively 
flat.  The  relationship  of  fontinalis  to  liaydeni  and  other  small  cine- 

reus group  shrews  with  short  rostra  needs  further  study. 

Lyell  Shrew  (Sorex  lyelli).  This  rarely-captured  allospecies  of 
the  cinereus  group  has  been  found  only  at  high  altitudes  (above 
2000  m — about  6000  ft)  in  the  central  Sierra  Nevada  of  California 
(Fig.  30).  It  may  be  told  from  other  Otisorex  shrews  in  this  region 
(ornatus,  vagrans,  monticolus),  as  well  as  from  S.  trowbridgii,  by 
having  U3  larger  than  U4. 

Masked  Shrew  (Sorex  cinereus).  This  species  has  the  largest 

range  of  any  North  American  Sorex,  and  is  quite  variable  geograph- 
ically. Its  main  range  is  in  the  transcontinental  coniferous  forest, 

with  extensions  southward  in  montane  forests  of  the  Appalachians 
and  Rocky  Mountains,  but  it  also  occurs  northward  into  the  tundra, 

and  in  mixed  and  deciduous  forest  and  woodland  along  the  south- 
ern margin  of  the  range  (Fig.  30).  Because  of  its  large  range,  it 

occurs  in  sympatry  with  more  species  than  any  other  North  Amer- 
ican Sorex.  Suggestions  for  distinguishing  cinereus  from  other  spe- 
cies may  be  found  in  these  accounts:  arcticus,  tundrensis,  vagrans, 

longirostris,  monticolus,  nanus,  dispar,  gaspensis,  fumeus,  preblei, 
haydeni,  and  fontinalis. 

Most  populations  of  S.  cinereus  have  a  skull  length  of  15.0-16.5 
mm,  and  U3  larger  than  U4.  The  relative  size  of  these  unicuspids 
separates  cinereus  from  monticolus,  vagrans,  longirostris,  and  nanus. 
In  cases  where  the  unicuspid  relationships  are  the  same,  arcticus 
and  tundrensis  ( both  subgenus  Sorex),  dispar  and  fumeus  are  larger 
(CB  length  >  16.4  mm )  and  preblei  is  smaller  ( CB  length  <  14.7 
mm). 

Individuals  in  a  few  populations  of  cinereus  exceed  16.5  mm  in 
skull  length  (S.  c.  streatori  of  the  northwestern  Pacific  Coast,  to 
17.0;  S.  c.  miscix  of  Labrador  and  S.  c.  acadicus  of  Cape  Breton 
Island  and  Nova  Scotia,  to  16.8  mm).  In  most  cases  this  does  not 
cause  problems  of  identification,  except  on  Cape  Breton  Island  and 
Nova  Scotia  where  these  large  S.  cinereus  are  sympatric  with  S. 
gaspensis  and  S.  fumeus,  respectively,  and  may  be  confused.  Of  the 
three,  fumeus  is  largest,  with  a  broad  rostrum  (maxillary  breadth 

>  4.6  mm);  gaspensis  is  smallest  and  has  a  veiy  long  tail  (45-55 
mm)  and  narrow  rostrum  (maxillary  breadth  <  4.0  mm);  and  S.  c. 
acadicus  is  intermediate  in  these  characters  (maxillary  breadth  4.0- 
4.4  mm,  tail  <  46  mm). 

Other  populations  of  S.  cinereus  are  smaller  than  15.0  mm  in 
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skull  length.  S.  c.  ngyunak  ranges  in  tundra  habitats  across  north- 
ern Alaska  to  Hudson  Bay.  Its  skull  length  is  14.1-15.5  mm,  but  the 

only  other  shrews  in  this  area  are  the  much  larger  subgenus  Sorex 
shrews,  S.  arciicus  and  S.  tundrensis,  with  which  S.  c.  ugyunak 

shares  a  "tricolor"'  pelage  (see  Bee  and  Hall,  1956;  frontispiece). 
Van  Zyll  de  Jong  (1976b)  reports  that  S.  c.  ugyunak  is  closer  in 
cranial  morphology  to  S.  hydrodromus,  S.  jacksoni,  and  S.  liaydeni 
than  it  is  to  other  populations  of  S.  cinereus;  study  of  the  zone  of 
potential  contact  between  ugyunak  and  cinereus  spp.  is  needed. 

S.  cinereus  along  the  southeastern  edge  of  the  species  range 
(S.  c.  lesueurii,  S.  c.  ohionensis)  have  been  discussed  under  the 
account  of  S.  haydeni.  Not  only  are  some  individuals  unusually 

small  (skull  length  14.6-15.9  mm),  but  in  some  ohionensis,  U3  is 
often  smaller  than  U4  (Bole  and  Molthrop,  1942).  Some  of  these 
populations  may  eventually  prove  to  be  referable  to  S.  haydeni,  to 
S.  fontinalis,  or  perhaps  even  to  S.  longiroslris. 

Subgenus  Sorex 

Trowbridge  Shrew  (Sorex  trowhridgii).  This  species  is  confined 
to  the  .coniferous  forests  of  the  Pacific  Coast,  ranging  eastward  to 
the  east  slopes  of  the  Cascade  Mountains  and  Sierra  Nevada  (Fig. 
31).  It  is  a  fairly  large,  dark  colored  shrew,  with  venter  nearly  as 
dark  as  dorsum,  but  with  a  sharply  bicolored  tail,  dark  above  and 
light  below.  Cranially,  it  is  distinguished  from  other  Pacific  Coast 
Sorex  by  its  combination  of  U3  smaller  than  U4,  small  medial  tine 

on  II,  and  presence  of  post-mandibular  foramina.  It  occurs  with 
S.  vagrans,  S.  monticolus,  S.  pacificus,  S.  ornatus,  S.  palustris,  and 

S.  1)endirii,  all  Otisorex  shrews  which  lack  well-developed  post- 
mandibular  foramina.  In  southeastern  Oregon  and  northwestern 
California,  its  range  may  overlap  that  of  another  shrew  of  the  same 
subgenus,  S.  merriami  (see  below),  but  merriami  does  not  have  a 
medial  tine  on  II  and  its  U3  is  larger  than  U4.  The  habitats  of  the 
two  also  differ,  S.  trowbridgii  being  primarily  a  woodland  species, 
whereas  S.  merriami  inhabits  xeric  steppe  and  desert. 

Merriam  Shrew  (Sorex  merriami).  This  shrew  is  one  of  the  most 

\<  ric-adaptcd  of  all  North  American  Sorex.  It  has  been  taken  in 
scattered  localities  in  the  Great  basin  and  Columbia  Plateau,  and 
probably  inhabits  sagebrush  desert  and  shrub  steppe  throughout 
this  region.  It  also  occurs  in  the  northern  Great  Plains  and  southern 
Rocky  Mountains  (  Pig.  31).  Within  its  range  it  is  the  only  species 
"I  the  subgenus  Sorex.  except  along  the  east  slope  of  the  Cascades 
mil  Sierra  Nevada,  where  it  may  come  in  contact  with  S.  trow- 

hridgii (see  above).  In  the  southern  Rockies,  S.  arizonae  is  known 
from  southeastern  Arizona  and  southwestern  New  Mexico,  and 
while    the    two    species   presently   are   considered   allopatric,    their 
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ranges  may  be  found  to  come  into  contact  or  overlap.  S.  arizonae 
(see  below)  has  a  medial  tine  on  II,  which  merriami  lacks,  as  well 
as  a  narrower  palate  (Diersing  and  Hoffmeister,  1977).  The  only 
Otisorex  shrews  likely  to  be  taken  in  the  same  places  as  Merriam 
shrews  are  the  much  smaller  S.  nanus,  S.  ienellus,  and  S.  preblei, 

from  which  S.  merriami  can  be  easily  distinguished  by  its  paler 

Fig.  31. — Distribution  of  Sorer  famous,  Sorcx  ttowbridgii,  Sorex  merriami, 

Sorex  arizonae,  Sorex  emarginatus,  Sorcx  ventralis,  and  Sorex  stizoclon. 



42  OCCASIONAL  PAPERS  MUSEUM  OF  NATURAL  HISTORY 

color,  well-developed  post-mandibular  canal,  U3  larger  than  U4, 
lack  of  medial  tine  on  II,  and  broad  palate. 

Arizona  Shrew  (Sorex  arizonae).  This  species  was  described 
only  recently  (Diersing  and  Hoffmeister,  .1977)  and  is  presently 
known  only  from  the  Huachuca,  Santa  Rita,  and  Chiricahua  moun- 

tains of  southeastern  Arizona,  the  Animas  mountains  of  southwest- 
ern New  Mexico  (Conway  and  Schmitt,  1978),  and  the  Sierra 

Madre  Occidental  of  Chihuahua,  Mexico  (Caire,  et  ah,  1978)  (Fig. 
31).  It  may  occur  with  S.  merriami  (see  above),  and  the  Otisorex 
shrew  S.  monticolus,  which  may  be  distinguished  by  subgeneric 
characters  and  by  having  U3  smaller  than  U4.  Sorex  emarginatus, 
known  from  Durango,  Jalisco,  and  Zacatecas,  Mexico  (see  below), 

is  also  a  subgenus  Sorex  shrew,  and  is  closest  to  S.  arizonae  (Dier- 
sing and  Hoffmeister,  1977).  S.  emarginatus  is  not  referable  to  S. 

oreopolus  (Findley,  1955b),  which  is  a  member  of  the  subgenus 
Otisorex  (Diersing  and  Hoffmeister,  op.  cit.). 

Arctic  Shrew  (Sorex  arcticus).  This  large  shrew,  usually  dis- 

tinguishable by  its  distinctively  "tricolored"  coat  pattern,  inhabits 
the  transcontinental  northern  coniferous  forest  or  boreal  taiga  from 
Nova  Scotia  and  Quebec  westward  to  the  central  Yukon  ( Fig.  31 ) . 
It  is  replaced  in  the  western  Yukon  and  Alaska  by  the  similar  S. 
tundrensis,  which  until  recently  (Youngman,  1975)  was  considered 
conspecific  with  S.  arcticus.  Throughout  this  entire  region,  the 
arctic  shrew  is  the  only  member  of  the  subgenus  Sorex,  and  may  be 
distinguished  from  Otisorex  shrews  that  occur  in  the  same  area  by 

its  well-developed  post-mandibular  canals,  lack  of  pigmented  ridges 
on  the  unicuspids,  and  externally,  by  its  light  sides,  which  usually 
contrast  strongly  with  the  dark  back,  especially  in  winter  pelage 
(juveniles  in  summer  pelage  are  at  best,  faintly  tricolored). 

In  southern  Ontario,  the  range  of  S.  arcticus  overlaps  that  of  S. 
fumeus,  in  which  the  pigmentation  of  the  unicuspid  ridges  is  often 

weakly  developed,  and  in  which  a  post-mandibular  canal  is  some- 
times present,  at  least  on  one  side.  However,  S.  fumeus  is  smaller 

(maxillary  toothrow  less  than  6.6  mm,  compared  to  more  than  6.7 
mm  for  S.  arcticus),  and  externally  it  lacks  the  light  sides  of  S. 
arcticus.  In  northern  Canada  and  Alaska  (Fig.  31),  S.  arcticus 
occurs  with  populations  of  S.  cincreus  that  may  have  distinctly 

lighter  sides,  but  these  individuals  are  much  smaller  and  lack  post- 
mandibular  canals.  In  the  western  part  of  its  range,  arcticus  also 
occurs  with  S.  monticolus,  which  has  U3  smaller  than  U4. 

Tundra  Shrew  (Sorex  tundrensis).  This  large  "tricolored"  shrew 
replaces  S.  arcticus  in  the  boreal  taiga  of  the  western  Yukon,  ex- 
treme  northwestern  British  Columbia  (Nagorsen  and  Jones,  1981) 
;iim1  Alaska,  and  probably  also  occurs  extensively  in  eastern  and 
central  Eurasia,  where  it  is  usually  referred  to  as  S.  arcticus  (cf. 
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Corbet,  1978).  The  ranges  of  tundrensis  and  arcticus  are  nowhere 
in  contact,  as  far  as  is  now  known,  but  in  any  case,  the  two  species 
can  be  separated  by  size  and  nature  of  the  upper  unicuspid  teeth 
(see  Key;  Fig.  23).  The  tundra  shrew  can  be  distinguished  from 
shrews  of  the  subgenera  Microsorex  and  Otisorex  by  the  same  char- 

acters which  will  separate  S.  arcticus  (see  above). 

Middle  American  Sorex 

Although  the  Mexican  and  Guatemalan  Sorex  have  not  been 
included  in  the  Key,  pending  revision,  some  discussion  of  these 
shrews  is  appropriate  here. 

Subgenus  Otisorex 

Verapaz   Shrew  (Sorex  veraepacis)  and  Large-toothed   Shrew 
(Sorex  macrodon).  These  are  very  large  members  of  the  subgenus 
Otisorex,  rivaling  S.  pacificus  and  S.  fumeus  in  size.  They  occur  in 
montane  forests  from  central  Guerrero,  Puebla,  and  Veracruz,  Mex- 

ico, south  through  the  highlands  of  Oaxaca  and  Chiapas,  Mexico, 

to  southwestern  Guatemala  (Fig.  24).  They  lack  post-mandibular 
foramina,  have  pigmented  ridges  on  the  unicuspids,  and  U3  is 
smaller  than  U4.  The  medial  tines  of  the  first  incisors  are  well- 
developed,  but  not  heavily  pigmented,  and  are  rather  high  on  the 
face  of  the  incisor.  S.  macrodon  and  S.  veraepacis  are  similar  in 
morphology  and  allopatric  in  distribution;  further  collecting  may 
demonstrate  that  they  are  conspecific. 

Miller  Shrew  (Sorex  milled).  This  species  is  restricted  to  the 
Sierra  Madre  Oriental  of  Coahuila  and  Nuevo  Leon,  Mexico  (Fig. 
30).  It  is  of  moderate  size,  with  a  narrow  rostrum  and  inflated 

braincase;  the  third  unicuspid  is  larger  than  the  fourth.  The  post- 
mandibular  foramina  are  sometimes  present,  but  are  variable  in  size 
and  occurrence;  in  many  specimens  examined,  they  are  absent.  The 

species  is  tentatively  assigned  to  the  subgenus  Otisorex,  in  the  cine- 
reus  group,  as  suggested  by  Findley  ( 1955a,  b ) . 

Volcano  Shrew  (Sorex  oreopolus).  This  medium-sized  shrew  has 
long  been  confused  with  two  other  Mexican  taxa,  emarginatus  and 
centralis.  Findley  (1955b)  combined  them  under  this  oldest  name, 

but  the  holotype  of  oreopolus  is  an  Otisorex  shrew,  whereas  emargi- 
natus and  ventralis  belong  to  the  subgenus  Sorex  (see  below) 

(Diersing  and  Hoffmeister,  1977;  Hoffmann,  in  prep.).  Sorex  vagrans 
orizabae  has  also  been  described  from  the  Transverse  Volcanic  Belt, 
and  appears  to  be  very  similar  to  S.  oreopolus  (Hoffmann,  in  prep.); 
it  is  therefore  provisionally  placed  in  synonymy  with  the  older 
name.  The  volcano  shrew  occurs  at  high  elevations  from  extreme 
southwestern  Jalisco  (type  locality  of  oreopolus)  to  eastern  Puebla 
(type  locality  of  orizabae)    and  western  Veracruz   (Fig.  28).    S. 
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saussurei  (see  below),  a  larger  member  of  the  subgenus  Sorex,  is 

sympatric  with  oreopolus  in  this  area,  but  has  well-developed  post- 
mandibular  foramina.  S.  oreopolus  is  not  known  to  be  sympatric 
with  the  two  smaller  subgenus  Sorex  shrews,  S.  emorginatus  and 
S.  ventralis  (see  below). 

Subgenus  Sorex 

Saussure  Shrew  (Sorex  saussurei).  This  species,  as  presently 
understood,  is  the  most  widespread  and  geographically  variable 

shrew  in  Middle  America  (Fig.  26).  It  occurs  from  southern  Coa- 
huila  and  Durango,  Mexico,  south  to  at  least  central  Oaxaca.  South 
of  the  Isthmus  of  Tehuantepec,  in  central  Chiapas,  Mexico,  and  in 

southwestern  Guatemala  other  populations  occur  that  are  provision- 
ally retained  in  S.  saussurei  although  they  may  eventually  be  shown 

to  be  closer  to  S.  ventralis  or  else  specifically  distinct.  The  Saussure 

shrew  has  a  well-developed  post-mandibular  foramen,  and  the 
medial  tines  on  the  first  incisor  are  well  developed  and  pigmented. 
The  unicuspids  lack  pigmented  ridges,  and  the  first  and  second  are 
subequal  in  size,  the  second  often  somewhat  larger  than  the  first; 
the  third  and  fourth  are  also  subequal,  but  markedly  smaller  than 
the  first  two.  S.  saussurei  is  sympatric  with  S.  oreopolus  and  S. 
veraepacis  (see  above),  and  may  also  contact  the  southern  ends  of 
the  ranges  of  S.  monticolus  and  S.  milleri;  all  of  these  species  may 
be  distinguished  as  Otisorex  shrews.  The  relationship  of  saussurei 

to  the  smaller  subgenus  Sorex  shrews  of  Mexico  (emarginatus,  ven- 
tralis) is  confused.  So  far,  they  seem  separable  only  on  the  basis  of 

size,  with  little  or  no  overlap  between  large  and  small  taxa  (CB 
length;  saussurei  >  17.4  mm,  emarginatus  and  ventralis  <  17.4 

mm ) .  Moreover,  each  of  the  allopatric  small  taxa  co-occur  with  the 
large  saussurei,  but  not  with  each  other  (i.e.,  saussurei  and  ventralis 
at  Iluachinango,  Puebla;  saussurei  and  emarginatus  near  Autlan, 
Jalisco). 

Cerro  San  Felipe  Shrew  (Sorex  ventralis).  As  discussed  above, 
this  is  a  small  member  of  the  subgenus  Sorex,  and  is  not  conspecific 
with  S.  oreopolus.  It  is  known  to  occur  from  central  Oaxaca  north 
to  northwestern  Puebla  (Fig.  31).  Where  it  is  sympatric  with  S. 
saussurei  and  S.  veraepacis,  it  can  be  distinguished  on  the  basis  of 
size.  From  S.  oreopolus,  if  they  should  prove  to  be  sympatric,  it  can 
be  told  by  its  U3  subequal  to  or  larger  than  U4,  and  the  presence  of 
a  post-mandibular  foramen.  Its  distribution  seems  to  be  allopatric 
to  that  of  the  very  similar  S.  emarginatus  (see  below). 

Zacatecas  Shrew  (Sorex  emarginatus).  Like  the  previous  species, 

tin's  one  has  also  been  erroneously  considered  conspecific  with  S. 
oreopolus.  It  is  a  small  (CB  length  16.4-16.9  mm)  member  of  the 
subgenus   Sorex,   occurring   from    southwestern   Durango   through 
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Zacatecas  to  southwestern  Jalisco  (Fig.  31).  S.  emarginatus  may 
eventually  prove  to  be  conspecific  with  S.  arizonae  and  S.  centralis, 
at  least  in  part. 

Sclater  Shrew  (Sorex  sclateri).  This  species  is  known  only  from 
four  specimens  from  the  type  locality,  Tumbala,  Chiapas,  Mexico, 
5000  ft  (Fig.  26).  It  is  as  large  as  S.  veraepacis,  but  appears  to 

belong  to  the  subgenus  Sorex  rather  than  Otisorex.  It  has  well- 
developed  post-mandibular  foramina  and  U3  is  subequal  to  or  larger 
than  U4.   More  material  is  required  to  assess  its  relationships. 

Pale-toothed  Shrew  (Sorex  stizodon).  Only  the  holotype  of  this 
species  is  known.  It  was  collected  at  San  Cristobal,  Chiapas,  Mex- 

ico, 9000  ft,  at  the  same  place,  but  600  feet  higher  than  another 
unique  holotype,  S.  saussurei  cristobalensis  (Fig.  31).  The  two 

holotypes  bear  the  same  size  relationship  to  one  another  that  ven- 
tralis  and  saussurei  do  north  of  the  Isthmus  of  Tehuantepec  in  that 

stizodon  is  smaller  ( CB  length  17.5  mm )  and  relatively  short-tailed 
(41  mm ) ,  whereas  S.  s.  cristobalensis  is  larger  ( CB  length  18.5  mm), 
with  a  longer  tail  (46.5  mm).  S.  stizodon  may  eventually  prove  to 
be  related  to  ventralis. 

A  Provisional  Classification  of  North  American  Sorex 

Genus  Sorex 

Subgenus  Sorex 

Sorex  stizodon,  incertae  sedis 
Sorex  sclateri,  incertae  sedis 

saussurei  group 

Sorex  saussurei 

Sorex  [ventralis]  ventralis 
[v.  ?]  emarginatus 
[v.  ?]  arizonae 

merriami  group 
Sorex  merriami 

trowbridgii  group 

Sorex  trowbridgii 

arcticus  group 

Sorex  [arcticus]  arcticus 

[a.]  tundrensis 

Subgenus  Otisorex 
Sorex  bendirii,  incertae  sedis 
Sorex  palustris,  incertae  sedis 
Sorex  longirostris,  incertae  sedis 
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fumeus  group 

Sorex  fumeus 
dispar  group 

Sorex  [dispar]  dispar 

[d.]  gaspensis 

vagrans  group 

Sorex  [veraepacis]  veraepacis 

[v.]  macrodon 
Sorex  [pacificus]pacificus 

[p.]  7nonticolus 
Sorex  [vagrans]  vagrans 

[v.]  oreopolus 

ornatus  group 

Sorex  [ornatus]  ornatus 

[o.]  tenellus 
[o.]  nanus 

cinereus  group 

Sorex  milleri 

Sorex  [cinereus]  cinereus 

[c]  lyelli 
[c]  fontinalis 
[c]  hydrodrornus 

[c]  jacksoni 
[c]  haydeni 

Sorex  preblei 

Subgenus  Microsorex 
Sorex  hoyi 
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A  NEW  SPECIES  OF  STEAMER-DUCK 
(TACHYERES)  FROM  ARGENTINA 

by 

Philip  
S.  Humphrey1  

and  Max  
C.  Thompson2 

Steamer-ducks  (Tachyeres)  are  relatively  large  diving  ducks  oc- 
curring in  marine  coastal  and  freshwater  environments  in  southern 

South  America  and  the  Falkland  Islands.  The  various  species  of 

steamer-ducks  are  so  similar  in  appearance  and  size  that  many 
authors  (see  review  in  Murphy,  1936:951-972)  considered  them 
a  single  species,  some  members  of  which  were  flightless  and  others 
not.  Murphy  (1936:951-972)  studied  extensive  series  of  study 
skins  of  the  genus  and  recognized  a  single  widely  distributed  flying 
species,  patachonicus  (Falklands  and  Fuego-Patagonia),  and  two 
flightless  species,  one  in  the  Falklands  (brachypterus)  and  the  other 
(pteneres)  in  Tierra  del  Fuego  and  along  the  Southern  coast  of 
Chile.  He  (Murphy  1936:958,  960,  969)  believed  that  pteneres 
did  not  occur  along  the  Patagonian  coast  and  that  patachonicus 

occurred  only  as  far  north  as  Latitude  48°  S  (Puerto  Deseado). 
Subsequent  publications  (Bo  1958:39;  Blake  1977:227-778;  Boswall 
and  Prytherch  1972:125;  Daciuk  1977:376;  Jehl,  et  al.  1973:61; 
Johnsgard  1979:452-453;  Olrog  1979:50;  Zapata  1967:364;  Zapata 
1969:23)  list  records  of  steamer-ducks  identified  as  either  pteneres 
or  patachonicus  along  the  coasts  of  Santa  Cruz  (Rio  Callegos, 
Puerto  Deseado,  Mazarredo),  and  Chubut  (Isla  Quintano,  Punta 
Tombo,  Punta  Ninfas,  Peninsula  Valdez);  most  of  these  are  based 
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tematics  and  Ecology,  The  University  of  Kansas,  Lawrence,  Kansas  66045, 
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Fig.     I.-    Il<-;t<l     Plumages    of    White-headed     Flightless    Steamer    Duck 
Tachyeres   leucocephalus).    A,   male   definitive   alternate;    B,   male  definitive 

basic;   C,    female   definitive    alternate;    I),    female   definitive   basic;    E,    juvenal, 
both  sexes  (see  text). 
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on  sight  observations.  Scott  and  Sharp  (1912:487)  reported  a 
specimen  of  Tachyeres  from  the  province  of  Rio  Negro  (mouth  of 
the  Rio  Negro)  which  we  have  examined  and  identified  as  T. 
patachonicus. 

As  far  as  we  know,  only  one  (Bo  1958:39)  of  the  published 
records  of  steamer-ducks  in  the  Province  of  Chubut  is  based  on  a 
specimen;  it  was  identified  by  Bo  as  T.  patachonicus. 

Maurice  Rumboll  and  Francisco  Erize  (pers.  comm.)  have 

suspected  for  some  time  that  steamer-ducks  seen  along  the  coast 
of  Chubut  might  be  either  the  Falkland  species  (brachypterus),  or 
an  undescribed  form,  rather  than  pteneres  or  patachonicus.  Olrog 

(1979:50)  described  the  distribution  of  T.  brachypterus  as  "Costas 
de  las  Malvinas  y  eventualmente  en  las  de  Chubut."  Todd  (1979: 
160 )  stated  that  "Maurice  Rumboll  ...  is  of  the  opinion  that  nearly 
all  of  the  flightless  steamer  ducks  which  occur  from  the  Lamaire 
Channel  (between  the  tip  of  South  America  and  Staten  Island) 
northward  to  the  Valdez  Peninsula  are  either  Falkland  Island 

steamer  ducks  or  are  representatives  of  an  undescribed  species 

(or,  at  the  very  least,  a  subspecies)." 
Humphrey  and  Thompson  collected  49  specimens  of  steamer- 

ducks  September  through  November  1979  near  Ushuaia,  Tierra  del 
Fuego,  and  along  the  coasts  of  Chubut  and  Santa  Cruz,  Argentina, 
and  Humphrey  and  Bradley  C.  Livezey  collected  59  additional 
specimens  of  the  genus  at  Ushuaia,  Puerto  Deseado  (Santa  Cruz), 
and  Puerto  Melo  (Chubut)  December  1980  through  February  1981. 

Study  of  this  material,  which  is  still  in  progress,  has  raised  many 

questions  and  suggests  that  our  knowledge  of  the  kinds  and  relation- 
ships of  Tachyeres  is  in  need  of  extensive  revision,  probably  in- 

volving recognition  of  several  new  taxa;  one  of  these  is  the  abun- 
dant, large,  flightless  steamer-duck  from  Puerto  Melo,  and  probably 

elsewhere,  which  is  clearly  distinct  from  all  other  known  species 
of  the  genus. 

Tachyeres  leucocephalus 

new  species 

WHITE-HEADED  FLIGHTLESS  STEAMER-DUCK 

Holotype. — Museo  Argentino  de  Ciencias  Naturales  No.  52694; 
adult  male  from  Puerto  Melo,  Provincia  de  Chubut,  Argentina 

(Latitude  45°  01'  S.,  Longitude  65°  50'  W.),  collected  24  September 
1979  by  Max  C.  Thompson  and  Philip  S.  Humphrey  (PSII  1398). 

Diagnosis. — A  medium-sized,  sexually  dimorphic,  flightless 
steamer-duck.   Head  of  adult  males  in  alternate  plumage  predomi- 
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Fie.  2. — Humeri  and  sterna  of  Tachyeres  brachypterus  (A,  C)  and  T. 
leucocephalus  ( B,  I.)),  males.  Note  the  thick  shaft  characteristic  of  all  humeri 
<.l  /.  leucocephalus  in  contrast  to  the  slender  more  tapering  shaft  of  the 
humerus  oi  T.  brachypterus.  The  xiphoid  region  of  the  sternum  of  T.  leuco- 

cephaltu is  consistently  broader  and  dared  more  laterally  than  in  T.  brachyp- 
trrus  and   the   posterior  lateral  process  is  much  wider. 
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Table   1. — Means  and  ranges  of  measurements   of  male   steamer-ducks.    All 
measurements  by  Humphrey;  measurements  of  T.  brachypterus  from  specimens 
not  collected  by  the  authors;  those  of  T.  pteneres  and  T.  patachonicus  are  from 

specimens  collected  by  the  authors  and  by  others. 

n 
Exposed 
culmen 

Nail 

width 

Wing 

(arc) 

Tarsus 
length Digit  III length 

T.  patachonicus 22 53 

46-59 12 10-14 

296 

275-315 
59 

49-63 81 73-86 

T.  leucocephalus 12 55 

51-63 

12 

11-13 

279* 

262-295 
65 

61-67 

87 

84-90 
T.  brachypterus 11 

56 

54-61 

14 
12-15 

270 

261-290 65 60-70 

90 

85-95 

T.  pteneres 
23 

60 
54-70 

16 

12-18 

273** 

255-289
 

71 
62-78 

96 

87-104 

*n  =  9 
**n  =  22 

nantly  white  with  light  gray  lores  and  cap  becoming  paler  pos- 
teriorly and  patch  of  light  chestnut  on  throat.  Female  smaller  than 

male;  head  of  adult  in  alternate  plumage  with  dark  gray  crown, 
reddish-brown  lores  and  cheeks,  broad  white  postocular  streak 
widening  posteriorly  to  fuse  with  broad  white  collar  at  base  of 
neck,  throat  medium  cinnamon  bordered  with  medium  gray. 

Tachyeres  leucocephalus  is  distinct  from  all  known  species  in 
the  genus  in  terms  of  various  combinations  of  characters,  including 

body  weight,  proportions  of  certain  measurements,  shape  of  hu- 
merus and  posterior  region  of  sternum,  and  coloration  of  the  feather- 

ing of  the  head  and  neck  in  various  plumages. 

T.  leucocephalus  differs  from  T.  brachypterus  as  follows:  1)  hu- 
merus broad,  heavy,  and  with  little  taper;  it  is  more  slender  and 

tapering  in  brachypterus  (Fig.  2);  2)  posterior  part  of  sternum 
broadly  flared;  it  is  not  flared  laterally  in  brachypterus  (Fig.  2); 
3)  external  lateral  process  of  sternum  wide;  it  is  much  narrower  in 
brachypterus  (Fig.  2);  4)  mean  body  weight  lighter  sex  for  sex 
(Table  3);  5)  means  of  nail  width  and  length  of  digit  III  smaller 
but  there  is  considerable  overlap  in  these  and  other  external  meas- 

urements (Table  1);  6)  adults  of  both  sexes  lack  the  yellowish  or 
golden  collar  at  the  base  of  the  neck  characteristic  of  brachypterus 

(Murphy  1936:964);  7)  adult  females  have  wide,  prominent 
postocular  streak  and  a  more  strikingly  patterned  head  and  neck. 

The  new  species  differs  from  T.  pteneres  in:  1)  lower  body- 
weight  (Table  3)  and  correspondingly  small  skeletal  elements  of 
trunk  and  hindlimb;  2)  lower  wing  loading  (Table  2);  3)  mean 
number  of  lamellae  per  cm  in  upper  bill  is  6.5  (males)   and  7.0 
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Table  2. — Means  and  ranges  of  ratios  of  lengths  of  femur  and  humerus  and 

wing  loading  for  male  steamer-ducks. 

Femur/Humerus 

Wing  loadings 

( gms/cm2 ) 

T. patachonicus 27 0.59  (0.57-0.62) 22 2.37  (2.03-2.83) 
T. leucoccphalus 17 0.66  (0.64-0.67) 6 3.18  (2.91-3.40) 
T. pteneres 10 0.68  (0.67-0.70) 

10 
4.90  (4.35-6.01) 

T. brachijptcrus 1 0.64 0 

(females)  and  there  is  no  overlap  in  this  character  with  pteneres 
which  have  5.2  (males)  and  5.9  (females)  per  cm;  4)  means  of 
nail  width  and  lengths  of  tarsus  and  digit  III  smaller  but  there  is 
considerable   overlap   in  these   and  other  external  measurements; 
5)  adult  males  have  white  heads  most  of  the  year  in  contrast  to 
pteneres  in  which  the  head  is  light  gray. 

T.  leucocephalus  differs  from  T.  patachonicus  in  1)  ratio  of 

lengths  of  femur  and  humerus  0.64-0.67;  it  is  0.57-0.62  in  T.  pata- 
chonicus (Table  2);  2)  mean  lengths  of  tarsus  and  digit  III  larger 

(Table  1);  3)  higher  mean  weight  (Table  3);  4)  higher  wing 
loadings  (Table  2);  5)  mean  ratio  of  lengths  of  tarsus  and  wing 

arc  which  is  0.23  (0.21-0.24);  it  is  0.20  (0.18-0.22)  in  patachonicus; 
6)  adult  females  have  wide,  prominent  postocular  streak  and  a  more 
strikingly  patterned  head  than  those  of  T.  patachonicus. 

Mean  measurements  (mm,  kg)  and  extremes:  males  (12),  ex- 
posed oilmen  55  (51-63),  nail  width  12  (11-13),  wing  (arc)  279 

(262-295),  tarsus  65  (61-67),  digit  III  length  87  (84-90),  weight 
(n  =  11)  3.90  (2.70-4.40);  females  (8),  exposed  oilmen  55  (54-57), 
nail  width  12  (11-13),  wing  (arc)  271  (255-288),  tarsus  63  (59- 
66),  digit  III  length  84  (81-86),  weight  2.95  (2.55-3.35). 

Distribution. — Known  from  the  vicinity  of  the  type  locality 
where  it  occurs  along  rocky  shores  of  the  mainland  and  islands, 

Table  3. — Means  and  ranges  of  weights   (g)   of  steamer-ducks.    Weights  for 
T.  brachyptcrus  (estimated  means)  from  Weller  (1976:47). 

n Males n Females 

T. patachonicus 27 3030 
2350-3  180 28 

2425 

1950-2900 
T. leucocephalus 1  1 3790 

2700-1100 

8 2950 
2550-3350 

r. brachypterus 5 4334 

4200-4650 

4 3383 

3100-3580 
T. ptenen 7 

5:  no 4950-5650 
6 4328 

3800-4820 
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from  Punta  Tombo,  Chubut,  where  it  has  been  photographed  by 
Jeffery  Bos  wall,  Donaldo  Maclver,  and  E.  R.  Parrinder  (Bos  wall  and 
Maclver  1979a),  William  Conway,  and  Francisco  Erize,  and  from 
Camarones  where  it  has  been  photographed  by  Roberto  Stranek. 
It  probably  occurs  in  appropriate  habitat  along  the  coast  of  Chubut 
from  Bahia  Bustamante  north  perhaps  as  far  as  Puerto  Madrvn 
and  Peninsula  Valdez. 

Description  of  holotype. — Head  mostly  white,  forehead  and 
crown  light  gray,  becoming  paler  posteriorly  and  slightly  mottled 
with  pale  cinnamon  where  wear  has  exposed  the  bases  of  the 
feathers;  lores  light  gray,  mottled  posteriorly  with  medium  dusky 
brown  and  pearl  gray  feathers;  upper  and  lower  eyelids  white; 
chin  and  neck  white;  small  light  chestnut  patch  on  throat  becomng 
slightly  paler  posteriorly;  mantle,  scapulars,  back,  rump,  upper 

tail  coverts,  sides,  and  flanks  predominantly  medium  pearl  gray  be- 
coming paler  on  the  upper  back;  most  of  the  posterior  mantle 

feathers  and  scapulars  with  paler,  silvery  gray  patches  around  the 
dark  rachis  and  darker  gray  (sometimes  dusky)  posterior  margins, 

giving  a  scaled  appearance;  upper  breast  medium  pearl  gray,  be- 
coming predominantly  dusky  brown  medially,  with  scattered  light 

to  medium  chestnut  where  feather  bases  show;  feathers  of  upper 
breast  and  sides  of  breast  with  narrow,  pale  smoke  gray  margins; 
feathers  of  the  sides  and  flanks  with  a  silvery  or  slightly  metallic 
pale  pearl  gray  wash,  narrowly  tipped  with  medium  chestnut  or 

pale  smoke  gray  on  the  older,  more  worn  feathers.  Lower  breast,  ab- 
domen, and  under-tail  coverts  white.  Wing  with  carpal  and  meta- 

carpal knobs;  primaries  and  greater  upper  primary  coverts  dark 
dusky  brown  with  blackish  brown  shafts;  rest  of  upper  wing  medium 
fuscous,  some  (newer)  feathers  darker  and  others  (worn)  very 
pale  buffy  brown.  Secondaries  (10)  white,  the  inner  vane  of  the 
innermost  (eleventh)  medium  blackish-brown;  tertials  medium 
dusky  brown,  paler  at  the  edges;  innermost  tertials  quite  worn, 
their  frayed  edges  being  very  pale,  almost  whitish,  buffy  brown. 

Axillaries  and  central  part  of  wing  lining  white;  balance  of  under- 
wing  coverts  medium  dusky  brown,  the  greater  under  primary 
coverts  paler.  Rectrices  dark  blackish  brown,  with  black  shaft  and 
faint  mesial  wash  of  light  silvery  gray.  Iris  brown;  bill  orange, 
becoming  greenish  at  tomium  and  yellowish  near  tip,  the  nail  black; 
legs  and  feet  bright  yellow  with  claws  blackish. 

Measurements  (mm)  of  holotype. — Wing  arc  280,  exposed  oil- 
men 56.2,  width  of  nail  12.3,  tarsus  66.4;  weight  3.65  kg. 

Specimens  examined.— Skins  ( holotype  at  MACN,  others  depos- 
ited at  Southwestern  College)  and  partial  skeletons:  4  males,  MACN 

52694  (holotype),  KU  77930  (SC  3528),  77942  (SC  3533),  77943  (SC 
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3534);  3  females,  KU  77926  (SC  3527),  77934  (SC  3530),  77936  (SC 
3531).  Freshly  killed  specimens  subsequently  prepared  as  complete 
skeletons:  13  males,  KU  77925,  77928,  77931,  77933,  77935,  77938, 
79234,  79235,  79236,  79237,  79243  (Juvenile),  79245,  79246,  79248; 
11  females,  KU  77927,  77979,  77937,  77939,  77941,  79238.  79239, 
79240,  79241,  79247,  79249. 

DISCUSSION 

The  White-headed  Flightless  Steamer-Duck  is  an  abundant  spe- 
cies at  Puerto  Melo  and  presumably  other  localities  with  rocky 

shorelines  along  the  coast  of  Chubut.  The  Flying  Steamer-Duck 
has  been  collected  at  Puerto  Melo  (1  specimen)  and  may  occur 
in  small  numbers  in  Atlantic  coastal  Chubut  in  sympatry  with  T. 
leucocephalus. 

What  are  undoubtedly  the  nest  and  eggs  of  T.  leucocephalus 
were  described  by  Boswall  and  Maclver  (1979a:75)  and  identified 
by  them  as  pertaining  to  T.  patachonicus.  They  found  that  6  eggs 

in  a  nest  at  Punta  Tombo,  Chubut,  "all  .  .  .  fall  well  outside  the 

range  of  Murphy's  figures  (for  eggs  of  T.  patachonicus  from  the 
Fuegian  region)  and  are  much  closer  to  the  eggs  of  the  larger 

Falkland  Island  Flightless  Steamer  Duck,  T.  brachypterus  .  .  ." 
(Boswall  and  Maclver  1979b). 

The  molts  and  plumages  of  steamer-ducks  are  poorly  under- 
stood. We  know  from  studies  now  in  progress  that  Flying  Steamer- 

Ducks  (T.  patachonicus)  have  three  molts  and  plumages  per  annual 

cycle  (Humphrey  and  Livezey,  in  press).  From  examination  of  spec- 
imens and  photographs  of  T.  leucocephalus,  we  judge  that  adult 

birds  of  both  sexes  go  through  a  complete  prebasic  molt  in  summer 
(February),  shedding  the  remiges  simultaneously,  and  then  without 
interruption  undergo  a  partial  molt  involving  the  head  and  neck 
and  possibly  other  parts  of  the  body.  Adult  males  collected  in 

September  were  white-headed  as  were  those  with  worn  wings 
collected  in  February  before  they  had  initiated  the  prebasic  molt. 
The  limited  data  at  our  disposal  suggest  that  either  adult  males 
wear  a  white  alternate  plumage  of  the  head  and  neck  most  of  the 
year  or  that,  if  there  is  a  supplemental  plumage,  it  too  is  white. 
In  what  follows,  we  tentatively  assume  a  two  plumage  cycle  since 
we  have  no  evidence  to  the  contrary. 

The  definitive  alternate  plumage  of  the  head  and  neck  of  males 
is  predominantly  white  with  a  pale  to  medium  gray  cap  which 
terminates  anterior  to  the  nuchal  region,  pale  brownish  in  the  an- 

terior Ions,  and  a  relatively  narrow  patch  of  light  cinnamon  on 
the  throat.  Many  males  seen  in  bright  sun  in  the  field  appear  com- 

pletely white-headed.    Figure  1A  illustrates  a  male  with  vestigial 
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bursa  of  Fabricius,  fresh  new  wings  and  tail,  and  head  and  neck  in 
what  we  judge  to  be  definitive  alternate  plumage. 

Although  we  have  seen  no  males  in  full  definitive  basic  plumage, 
we  have  examined  birds  in  both  prebasic  and  prealternate  molt 
that  have  what  we  judge  to  be  mixtures  of  alternate  and  basic 
plumages  on  the  head  and  neck.  The  definitive  basic  plumage  of 
males  is  probably  similar  in  aspect  to  the  definitive  alternate 

plumage  of  females,  having  an  extensive  dark  cap,  medium  reddish- 
brown  cheeks  and  lores,  broad  white  postocular  streak,  white  collar 
at  base  of  neck,  an  extensive  patch  of  medium  cinnamon  on  the 
throat,  and  medium  gray  on  the  sides  of  throat  and  chin.  Figure 
IB  illustrates  a  specimen  of  an  adult  male  (bursa  of  Fabricius 
absent)  with  new,  short,  remiges  growing  in  and  slight  molt  on 
the  head.  We  believe  this  individual  has  mostly  basic  feathers  on 
the  head  and  neck  and  is  beginning  a  prealternate  molt. 

The  definitive  alternate  plumage  of  females  has  dark  cap, 

reddish-brown  cheeks  and  lores,  prominent  white  postocular  streak, 
and  broad  white  collar  at  the  base  of  the  neck.  Figure  1C  is  of  a 
female  with  comparatively  small  bursa  of  Fabricius  ( 28  X  9  mm ) , 
fresh,  new  wings,  and  head  and  neck  in  what  we  interpret  to  be 
definitive  alternate  plumage. 

The  head  and  neck  of  females  in  definitive  basic  plumage  are 

medium  to  dark  purplish-gray  with  a  large  dark  cinnamon  patch 
on  the  throat.  Since  we  have  examined  no  specimens  in  full  basic 
plumage  we  cannot  tell  whether  it  lacks  a  postocular  streak  or  has 
a  very  short  white  one.  Figure  ID  is  of  a  female  with  vestigial 
bursa  of  Fabricius,  old,  worn  wings,  molting  tail,  and  moderate 
molt  in  the  head  and  neck.  The  bird  appears  to  be  well  along  in 

a  prebasic  molt  and  has  head  and  neck  with  mostly  basic  feather- 
ing. We  believe  the  full  basic  plumage  of  the  head  and  neck 

would  show  no  traces  of  white  in  the  cheeks  and  collar  and  the 

postocular  streak  either  absent  or  very  short. 

The  juvenal  plumage  of  the  head  and  neck  of  both  sexes  ( Fig- 
ure IE)  has  a  dark  brown  cap  extending  to  the  nape,  medium  to 

dark  reddish-brown  cheeks  and  lores,  lighter  brown  sides  of  neck 
and  collar  at  base  of  neck,  and  an  indistinct  patch  of  medium 
cinnamon  on  the  throat.  The  bill  is  blackish-gray  with  a  broad, 
light  bluish  area  bordering  the  black  nail.  The  tarsus  and  foot  are 
dull  tan  with  blackish  patches  on  the  joints  and  blackish  webs. 

Most  of  the  predefinitive  plumages  are  unknown.  A  young 
male  molting  into  what  appears  to  be  first  alternate  plumage  has  a 
dark  cap  extending  to  the  nape,  light  brown  cheeks  becoming 
darker  in  the  lores,  medium  cinnamon  on  the  throat,  white  collar 
at  the  base  of  the  neck,  and  a  white  postocular  streak  that  broadens 
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posterior  to  the  auricular  region.  We  judge  that  the  first  alternate 
plumage  of  males  is  similar  to  the  alternate  plumage  of  females. 

This  is  the  first  of  several  papers  reporting  the  results  of  field 
and  laboratory  studies  now  in  progress  designed  to  characterize  the 

taxa  of  steamer-ducks  and  their  phylogenetic  relationships  and  to 
finish  testing  hypotheses  relating  to  the  origins  and  adaptive  sig- 

nificance of  flightlessness  in  the  genus. 

SUMMARY 

A  new  species  of  flightless  steamer-duck,  Tachyeres  leuco- 
ceplialus,  is  described  from  the  coast  of  the  Province  of  Chubut, 
Argentina.  The  new  species  is  much  smaller  than  T.  pteneres  and 
approximately  the  same  size  as  T.  brachypterus  of  the  Falkland 
Islands  from  which  it  differs  in  aspect  and  certain  osteological 
characteristics. 

RESUMEN 

Una  nueva  especie  de  pato  vapor  no  volador  ha  sido  descubierto 
en  la  costa  de  la  Provincia  de  Chubut,  Republica  de  Argentina.  La 
nueva  especie  es  Tachyeres  leucocephalus  y  tiene  aproximadamente 
el  mismo  tamano  de  T.  brachypterus  de  las  Islas  Malvinas  del  que 
se  distingue  por  algunas  caracteristicas  osteologicas. 
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